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LITERATURE REVIEW 
Evaluation of Energy Expenditure In Farm Animals 
Bloenergetlcs Is defined as the study of processes of energy transfer 
In animals and the regulatory mechanisms Involved (Blaxter, 1962). It Is 
a broad subject that Includes events taking place at the molecular and 
cellular organelle level as well as those relating to energetics of the 
whole animal (Blaxter, 1989). The field of bloenergetlcs Is widely 
studied by biochemists, physiologists and nutritionists. From a 
nutritional point of view It Involves predicting energy requirements of 
the whole animal and predicting the ability of different feeds to meet 
these energy requirements (Blaxter, 1962). 
Energy transfer In animals. Including nutritional energetics can be 
defined by the laws of thermodynamics. The first law of thermodynamics 
states that the total energy of a system and Its surroundings Is a 
constant, I.e., energy Is conserved (Stryer, 1981). Thus, the change In 
the energy system depends only on the Initial and final states and not on 
the path of the transformation (Stryer, 1981; Blaxter, 1989). 
Hess In 1838 (Blaxter, 1989; Klelber, 1975), defined the law of 
constant heat summation, which Is a property of the first law of 
thermodynamics. The law states that heat produced In a chemical reaction 
Is always the same regardless of whether the process Is direct or proceeds 
through a number of Intermediate steps. This principle of conservation of 
energy In an Isolated system Is the basis of bloenergetic Investigations 
(Brody, 1945). For the nutritionist this means that If an Increased 
amount of energy Is found In an animal body, an equal quantity of energy 
has been removed from feed that was consumed (NRC, 1981). Thus, the first 
2 
law of thermodynamics can be applied to animals. 
All known forms of energy Including chemical energy In the feed can 
be converted to heat energy (Brody, 1945). Heat evolved from feed can be 
measured In a bomb calorimeter (Blaxter, 1962, 1989). Heat produced by an 
animal during oxidation of feed components (fat, protein and carbohydrate) 
can be measured by using animal calorimeters (Blaxter, 1962, 1989; 
Klelber, 1975). Thus, energy expenditure In animals can be determined by 
using calorlmetric methods to estimate heat production (Blaxter, 1962; 
1989; McLean and Tobin, 1987). There are two blocalorlmetric categories, 
direct and Indirect. Direct calorlmetry Involves measurement of heat loss 
by physical processes namely, radiation, convection, conduction and as 
latent heat of vaporization (Blaxter, 1989; McLean and Tobin 1987). In 
Indirect calorlmetry, the heat production of an animal Is measured on the 
basis of respiratory exchange (oxygen consumption and carbon dioxide 
production), methane production and nitrogen excretion in the urine. 
Over 200 years ago Crawford designed the first animal calorimeter to 
measure how much heat was produced when pure air (oxygen) and Inflammable 
air (hydrogen) were burned together (Klelber, 1975; McLean and Tobin, 
1987). Crawford measured the rise In temperature in a water jacket 
surrounding the animal chamber. Crawford believed that animal heat was 
produced from air as philogiston was formed (McLean and Tobin, 1987). 
However, it was Lavoisier who recognized that vital processes in animal 
body involved consumption of oxygen and that the heat from living animals 
was produced by the oxidation of carbon which produced carbon dioxide 
(Klelber, 1975; McLean and Tobin, 1987, Blaxter, 1989). Lavoisier 
determined the heat produced by a guinea pig in a ice melting calorimeter 
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and concluded that the ice melted and the heat produced were proportional 
to the carbon dioxide produced (Brody, 1945, McLean and Tobin, 1987; 
Blaxter, 1989). Lavoisier therefore laid the foundation upon which both 
direct and indirect calorimetry are based (Brody, 1945; McLean and Tobin, 
1987; Blaxter, 1989). In 1894, Rubner used a combustion calorimeter and 
direct calorimetry to determine the heat of combustion of protein and fat 
and heat produced by the dog simultaneously. Gaseous exchange did not 
account for the total heat produced from the protein and fat catabolism, 
but the difference between these two was the heat of combustion of the 
dog's urine. This Is the underlying principle of indirect calorimetry 
(McLean and Tobin, 1987). 
There are four types of direct calorimeters: isothermal, heat sink, 
convection and differential (McLean and Tobin, 1987). Construction, 
operational and limitations of these calorimeters for animal use are 
described more fully by McLean and Tobin (1987). 
Measuring heat directly involves extensive instrumentation. Most 
studies of energy expenditure of animals have been done by using indirect 
calorimetry (Blaxter, 1962). Indirect calorimetry performed according to 
the respiratory quotient (RQ) method is a measure of heat produced by the 
animal whereas indirect calorimetry performed according to the carbon 
nitrogen balance method (CN) is a measure of energy deposition. The RQ is 
defined as: 
Moles of COg produced 
Moles of Og consumed 
The RQ for carbohydrate, fat and protein are 1.0, 0.7 and 0.8 respectively 
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(Blaxter, 1989). The RQ of the diet Is used to establish the heat 
equivalent per liter of oxygen or carbon dioxide. When oxygen consumption 
is used as a measure of heat production there Is less error involved than 
when carbon dioxide production alone Is used. The heat equivalent of 
oxygen Is less variable (4.71 to 5.43 kcal/1) and close to the commonly 
used value (4.8) when compared to that of carbon dioxide (5.3 to 6.4 
kca1/l) of which the commonly accepted value Is 5.8 kcal/1 (Blaxter, 
1989). In practise, specific factors have been assigned by Brouwer (1965) 
for estimation of heat production In animals from the respiratory exchange 
and nitrogen excretion. The equation Is as follows: 
Heat produced (kcal) - 3.866 Og + 1.200 COg -0.518 CH^ - 1.431 N 
There are two assumptions In measurements of heat production by 
Indirect calorlmetry: 1. It Is assumed that the end result of biochemical 
reactions which occur In the body Is the oxidation and synthesis of 
carbohydrates, fat and protein and 2. Biological oxidation of these 
substances, produces fixed ratios of oxygen consumed, carbon dioxide 
produced and heat evolved (McLean and Tobin, 1987). 
The main type of equipment for measuring quantitative gaseous 
exchange are respiration chambers (Blaxter, 1989). Respiratory gas 
exchange chambers are classified according to their operating principles, 
such as confinement, closed circuit and open circuit systems and are 
discussed by McLean and Tobin (1987). 
Heat production can be measured Indirectly using balance methods. 
There are two types of balance methods, the energy balance and the carbon 
nitrogen balance methods. With the energy balance method, the difference 
between the heat of combustion of the feed consumed and the excreta 
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Including gases voided, Is energy retained In the body. 
The carbon-nitrogen balance method has been In use for more than a 
century. The method Is based on the assumption that the only energy 
yielding compounds stored In the body are fat and protein and these have 
fixed chemical compositions and heats of combustion. Measurements of 
carbon Intake and Its losses In urine and gases is the carbon retention or 
balance. Measurements of nitrogen Intake less loss In feces and urine 
provide a measure of nitrogen retention or balance. The nitrogen content 
of body protein Is 16%. Brouwer (1965) assigned factors of 76% and 52% 
for carbon in the body fat and protein, respectively. Protein content is 
estimated from nitrogen retention and the carbon content in protein Is 
deducted from the observed carbon retention. The remainder of carbon 
would be used to estimate fat content. Most estimates of nitrogen and 
carbon composition of the body are based on depot fat or muscle protein 
(Blaxter, 1962, 1989). Energy retained can be estimated by the following 
equation: 
Kcal energy retained- 12.388 X g C - 4.636 X g N retained, which was 
modified to: 
Kcal energy retained - 12.55 X g C retained - 6.90 g N retained, by 
Blaxter and Rook (1953) based on determination of heats of combustion and 
on carbon and nitrogen contents of several tissues. Balance studies have 
an advantage because all species of animals including man can be used and 
the experimental subject can be studied repeatedly. These studies are 
also suited for short time Interval measurements. 
The most direct way of measuring energy retention In the body of an 
animal is to determine heat of combustion of the body at the beginning and 
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at the end of a period of time. A selected group of Individual animals 
are killed at the beginning of an experimental period and the remainder of 
similar animals are killed at the end of the experimental period and heat 
of combustion determined. This method of determining energy retention Is 
termed as the comparative slaughter technique and was first used by Lewis 
and Gilbert In 1861 (Blaxter, 1962, 1989). Generally litter mates are 
divided between the Initial slaughter group and the treatment group. At 
the end of the experimental period the animals are killed and the body 
composition determined. 
The energy retention and heat production are determined by 
determining the heat of combustion of feed, excreta and empty bodies of 
the animals and calculating the change In body composition between the 
treatment group and the Initial slaughter group. Energy balance 
determined by using direct calorlmetry or gaseous exchange are more 
accurate than those determined by the comparative slaughter technique 
mainly because of the errors Involved In estimating energy content of the 
animals at the beginning of the experiment (Kotarblnska and Klelanowski 
(1969). The error decreases as the number of animals In the Initial 
slaughter group Increase and as the duration of experiments Increases. 
Errors in estimating body composition also Increase as the size of the 
experimental animals Increase because It Is more difficult to take a 
representative sample from large animals (Blaxter, 1989). The major 
advantage of the comparative slaughter technique Is that the experimental 
animals are under conditions similar to those In normal production 
(Kotarblnska and Klelanowski, 1969). The method Is suitable for small 
animals. With large animals, the method becomes laborious and expensive. 
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The validity of Indirect calorlmetric methods has been evaluated by 
comparing them with direct calorlmetric methods. In sheep, Blaxter (1980) 
compared heat production measurements made with the direct gradient layer 
calorimeter and those made with a closed circuit Indirect calorlmetry. 
The mean difference between these two was 6.93 kcal/day or 0.39%., Studies 
with carbon nitrogen balance technique (Blaxter et ai., 1956) showed a 
difference of 4.30 kcal/d which represented 0.1% of energy in food. 
Comparisons between energy retention using a respiratory calorimeter and 
comparative slaughter technique In growing pigs (20 to 90 kg) showed only 
a mean difference 3.9% of energy retained, which was less than 1% of 
metabollzable energy Intake (Fuller and Boyne, 1972). If properly 
conducted. Indirect methods of studying energy expenditure agree 
reasonably with direct methods (Blaxter, 1989). 
Energy Evaluation of Feedstuffs 
Knowledge of the energy expenditure of animals provided by direct or 
indirect calorlmetry techniques provides animal nutritionists with 
estimates of energy requirements of specific animals. Feed evaluation 
must be done so least cost rations can be formulated that meet these 
requirements to optimize animal production (Frape and Tuck, 1977). 
The value of a feedstuff Is determined by its nutrient composition. 
The macronutrients (lipids, carbohydrates and protein) which supply energy 
and special building blocks (amino acids and fatty acids) and the 
micronutrients (trace elements and vitamins) which facilatate the use of 
the macro nutrients. Energy content is the major expense In the cost of 
production of market pigs (Seerley and Ewan, 1983) and it therefore 
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determines the value of a particular feed (Nehring and Haenlein, 1973). 
Evaluation of available energy In feeds Is of considerable scientific and 
practical significance (Nehring and Haenlein, 1973). The Importance of 
feed evaluation and establishment of a feed unit was recognized as early 
as 1809 by Thaer (Nehring and Haenlein, 1973) who used a heuwert (hay 
equivalent value) to rate his feedstuffs. Since then, several feed 
evaluation systems have evolved. 
The total digestible nutrients (TON) system Is based on the 
digestible energy. The TON system was previously used In the USA by 
Lofgreen (1951). This system was developed following German work with 
digestible nutrients of various feedstuffs (NRC, 1981). TON Is calculated 
from dlgestlbimty coefficients and values from proximate analysis. TON 
Is defined as digestible crude protein + digestible crude fiber + 
digestible nitrogen free extract + 2.25 (digestible crude fat) (ARC, 1981; 
Crampton and Harris, 1969). Total digestible nutrients Implies that only 
fecal energy losses are accounted for. However, by assigning the same 
caloric value to both carbohydrate and protein, TON becomes comparable to 
ME since urinary energy Is subtracted from the caloric value of protein 
(ARC, 1981; Naynard et al., 1979). This is a problem in using TON as a 
system to evaluate feedstuffs. TON is based on proximate analysis and the 
Atwater values used in human nutrition. Oigestibility of nutrients in 
humans is higher than that of livestock, especially ruminants fed 
roughages (Crampton and Harris, 1969). It is difficult to equate TON to 
digestible calories. Lofgreen (1951) suggested that since TON is a 
measure of food available after digestible losses, a more meaningful 
description of TON would be from TON derived from digestible energy values 
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determined by bomb calorlmetry rather than the extensive proximate 
analysis. 
Swift (1957) determined digestible energy of 312 samples by using 
bomb calorlmetry and equated TON to a mean of 4.4 kcal/g or about 2000 
kcal/lb. For productive purposes, feeds do not substitute for each other 
In proportion of their TON values. TON overestimates energy available In 
roughages compared with that In concentrate rations (Blaxter, 1962; 
Maynard et al., 1979). TON does not account for energy lost as gaseous 
by-products (methane) or as heat of fermentation, which are substantial in 
the ruminant animals (Crampton and Harris, 1969). In species without 
gaseous losses, TON Is equivalent to ME (Maynard et al., 1979) and this 
leads Into more confusion since TON was originally defined as digestible 
energy. The use of TON system for evaluating feeds was limited because of 
these problems. 
The physiological fuel values (PFV) are expressed In calories. These 
units are used In the USA to measure food energy In human nutrition. 
These values were derived In Germany by Rubner and In USA by Atwater (NRC, 
1981; Crampton and Harris, 1969; Maynard et al., 1979). Digestibility of 
nutrients are 98, 95 and 92% for carbohydrates, fats and protein, 
respectively. The digestibility coefficients are multiplied by the gross 
energy of each component and in case of protein 1.25 kcal/g is subtracted 
as loss in urinary energy. One gram of urinary nitrogen Is oxidized to 
yield 7.9 kcal, which represents 6.25 g of digestible protein, therefore 
7.9/6.25 is equal to 1.264 or approximately 1.25 kcal/g (NRC, 1981; 
Crampton and Harris, 1969). The final PFV for humans are therefore 4, 9 
and 4 kcal/g as average digestible calories from carbohydrates, fat and 
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protein, respectively (NRC, 1981; Maynard et al., 1979; Crampton and 
Harris, 1969). Physiological fuel values cannot be applied to farm 
animals because the digestibility values are too high, especially for 
roughage diets fed to ruminants. The value of 1.25 kcal/g N Is too low 
for ruminant animals which excrete large amounts of hippuric acid that 
Increases energy loss In the urine (Maynard et al., 1979). 
The National Research Council committee on animal nutrition passed a 
resolution In 1959 to use the caloric system together with the TON system 
to describe the energy values of feeds, rations and nutrient requirements 
(Crampton and Harris, 1969). Earlier In this review the first law of 
thermodynamics and the law of constant heat sums were presented. These 
laws form the basis of nutritional energetics. When an amount of energy 
Is retained In an animal body, the same amount of energy has disappeared 
from the feed consumed. Thus, the amount of chemical energy from feed 
transformed to heat energy In the animal depends only on the Initial and 
final state and not on the intermediate states (NRC, 1981). 
Animal nutritionists may apply these laws to whole animal nutritional 
energetics by using the following terminology: 
GE . FE + GPO + UE + HE + RE 
Where: GE is gross or Intake energy; FE is fecal energy; GPD is gaseous 
by-products of digestion, HE is total heat production and RE is recovered 
energy (NRC, 1981). The flow of dietary energy through an animal as 
outlined in (Figure. 1, Seerley and Ewan, 1983; NRC, 1981) is an attempt . 
to describe energy transactions in animal with present knowledge of 
intermediate steps in the utilization of dietary nutrients 
The first measurement in evaluation of energy exchange is the gross 
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GROSS ENERGY (GE) 
FECAL ENERGY 
OFE) 
DIGESTIBLE ENERGY 
(DE) 
I 1 I 
GASEOUS ENERGY URINARY ENERGY METABOLIZABLE ENERGY (GPD) (UE) 
T 
HEAT INCREMENT 
(HI) 
1. Digestion 
2. Excretion 
3. Product formation 
4. Fermentation 
IN 
(ME) 
NET ENERGY 
(NE) 
MAINTENA CE 
(NEm) 
1. Basal metabolism 
2. Activity 
3. Theimal regulation 
PRODUCTION 
(NEg) 
1. Growth 
2. Reproduction 
3. Work 
Figure 1. Energy utilization 
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energy (GE). Gross energy Is the amount of heat measured In calories that 
Is released when a substance Is completely oxidized to carbon dioxide and 
water In a bomb calorimeter containing 25 to 30 atmospheres of oxygen 
(Crampton and Harris, 1969; NRC, 1981). The GE of protein, carbohydrates 
and fat are 5.65, 4.15 and 9.40 kcal/g, respectively. The GE of feed does 
not have any nutritional significance because It does not give any 
Indication of the nutritional value of the feedstuff (Just, 1975a, 1982a). 
The GE Intake of animal Is the gross energy of the feed multiplied by the 
feed consumed. 
Fecal energy (FE) Is the gross energy of feces times the weight of 
the feces. Digestible energy (DE) Is GE consumed minus FE. This value Is 
termed as the apparent DE because FE Includes a source from the diet and 
also a source form metabolic or endogenous source. The metabolic portion 
of the FE Includes cells eroded from the Intestinal mucosa, used enzymes 
and the microflora. These losses are a part of the maintenance 
requirement of the animal. Fecal energy losses represent a substantial 
part of GE. In cattle and sheep, FE accounts for 40-50% loss of GE with 
roughage feeding and 20-30% when concentrates are fed. In pigs, this loss 
accounts for only 20% of GE (Maynard et al., 1979). 
NRC (1988) uses DE to estimate energy values of feeds and energy 
requirements of swine. DE Is preferred In describing energy requirements 
for swine and the energy content of feeds because It Is easy to measure 
(ARC, 1981; Just, 1982a). DE values for most feedstuffs are readily 
available. Another advantage of DE values Is that they are characteristic 
of the feedstuff and are not affected by the metabolic state of the animal 
as will be described later when dealing with metabollzable energy (ME) and 
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net energy (NE) (Morgan and Whitemore, 1982). 
Digestible energy Is further subdivided Into ME, urinary energy (UE) 
and gaseous by-products of digestion (GPD). GPD of digestion are 
combustible gases produced in the digestive tract as a result of 
fermentation. Methane makes up a major proportion of combustible gases in 
both ruminants and nonruminants, but hydrogen, carbon dioxide and hydrogen 
sulfide are also present (NRC, 1981). GE losses In terms of methane 
account for between 7-8% of GE (Maynard et al., 1979; Blaxter, 1962) In 
ruminants, but only 0.5 to 1% in pigs (Just, 1982a; Fuller and Boyne, 
1972). 
UE energy loss results from the excretion of incompletely oxidized 
nitrogenous products, urea In mammals and uric acid in birds. A portion 
of energy loss in urine is due to metabolic processes. This includes 
minimum urea loss and creatinine loss. UE loss is correlated with 
nitrogen excretion and therefore it is related to the level of protein in 
the feedstuff. 
Netabolizable energy is energy available after losses from DE as GPD 
and UE. The ratio of ME:DE in most practical diets for swine is between 
94 to 97% and an average value is about 96% (ARC, 1981). The quality and 
quantity of protein affects this ratio (May and Bell, 1971; den Hartog and 
Verstegen, 1984). ME can be estimated from DE by accounting for the 
protein in the diet. NRC (1981) uses the following equation : ME - DE 
(96-(0.202 X %CP))/100. This equation is similar to that of May and Bell 
(1971); ME - DE (101.2 - (0.19 X %CP))/100, Morgan et al. (1975): ME - DE 
(99.7 - (0.18 X %CP))/100 and more recently Wiseman and Cole (1985): ME -
DE (100-(0.254 X %CP)/100. Thus, if protein is of poor quality or it is 
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In excess, ME decreases. If protein Is In excess In the diet, amino acids 
not used for protein synthesis are catabollzed and used as a source of 
energy and the nitrogen Is excreted In urine as urea. As nitrogen content 
In the urine Increases, ME decreases. 
Metabollzable energy values are corrected for nitrogen lost or gained 
by the body (Morgan et al., 1975). This correction Is made because for an 
animal gaining protein, the energy retained as protein cannot be fully 
recovered If the amino acids are utilized for energy. This correction Is 
more valid for mature animals since growing animals are continuously 
depositing protein and therefore the correction does not apply (Farrell, 
1979, NRC, 1981). Factors used for correction of ME for each gram of 
nitrogen retained or lost are In kcal/g urinary N: 6.77 (Diggs et al., 
1965): 9.17 (Morgan et al., 1975); and 7.84 (Wu and Ewan, 1979). The 
correction Is added to the ME value If the pig Is In negative nitrogen 
balance and subtracted from the ME value If the pig is In positive 
nitrogen balance. The caloric value of urea Is 5.45 kcal/g nitrogen 
(Blaxter, 1962; Frape and Tuck, 1977). The values above vary from this 
figure which suggests that the UE Is not only derived from urea, but may 
also be from other nitrogenous compounds such as creatinine, that has a 
caloric value of 12.1 kcal/g nitrogen (Blaxter, 1962). 
ME corrected for nitrogen does not differ substantially from non 
corrected ME, therefore there Is no additional gain in this value in 
energy evaluation of feedstuffs (NRC, 1981). ME is a better measure of 
the energy value than DE, because It accounts for the composition and 
amount of digestible protein through energy losses in urine (Just, 1982a). 
However, ME is subject to more variations than DE. ME is affected by the 
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diet composition and also by physiological state of the animal. Nitrogen 
retention depends not only on the type of feedstuff, but also on the 
animal's age and weight (Morgan et al., 1975; Frape and Tuck, 1977). 
Hetabollzable energy Is subdivided Into heat Increment (HI) and net 
energy (NE). The variation among feedstuffs on the efficiency of 
utilization of ME Is primarily due to energy losses as HI. HI Is the 
Increase In heat production following consumption of food when the animal 
Is In a thermal neutral environment (Crampton and Harris, 1969; NRC, 
1981). It was Lavoisier who first observed that feed Intake was 
accompanied by an Increase In heat production and oxygen consumption 
(Webster, 1978; Klelber, 1975). The average Increase In heat production 
Is 4, 6 and 30% of the basal metabolic rate for fat, carbohydrate and 
protein, respectively (Brody, 1945; Graham, 1976). Later, the response 
was attributed to the work of digestion by Lusk, and to metabolism of 
absorbed nutrients by Rubner (Webster, 1978; Klelber, 1975). Rubner 
described this as specific dynamic effect. The word effect was 
mistranslated to 'action' from German to English in later references thus 
the term specific dynamic action. Other terms used for HI are the 
calorlgenic effect and thermogenic effect. The term calorlgenic effect 
was given by Volt and Lusk who considered that nutrients raised the 
metabolism of body cells (Brody, 1945). 
Heat increment includes heat of fermentation, energy released in 
digestive processes and heat produced as a result of nutrient metabolism 
(NRC, 1981; Seerley and Ewan, 1983; NRC, 1988). Heat of fermentation (HF) 
is heat produced in the digestive tract as a result of microbial action. 
It is higher in ruminant species than in other species. HF in ruminants 
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is proportional to the fiber content of the diet (Webster, 1978). In the 
pig, this energy loss Is considered minimal, but may be of considerable 
Importance as fibrous diets are fed to pigs (Muller and Kirchgebner, 
1987). Heat of nutrient metabolism Is the heat produced In Intermediary 
metabolism as a result of using the absorbed nutrients (Crampton and 
Harris, 1969). 
Heat Increment Is considered to be wasted energy (Mitchell, 1962; 
NRC, 1981), however under conditions of cold stress, HI may aid In 
maintaining body temperature and therefore becomes a component of net 
energy for maintenance (NRC, 1981; Seerley and Ewan, 1983). 
The other component of ME Is the NE. NE Is ME minus HI. Net energy 
Is subdivided Into two components, net energy for maintenance (NEm) and NE 
for production (NEp). NEm is the energy expended to sustain vital 
processes. The NEm consists of three parts, basal metabolism, activity of 
animals at maintenance and energy required to sustain body temperature 
below critical temperature (NRC, 1981). Basal metabolism Is the minimum 
energy required to sustain vital cellular activity, respiration, and 
circulation (Crampton and Harris, 1969). Baldwin et al. (1980) 
categorized basal energy expenditure costs into two: costs for service 
functions necessary for the whole organism and costs necessary for 
existence of the individual cells and tissues. The service functions 
accounted for 36 to 50% of basal energy expenditure and Include kidney 
work, heart work, respiration, nervous functions and liver functions 
Baldwin et al. (1980). The costs of Individual cell tissue maintenance 
account for 40 to 56% basal energy expenditure and these Include protein 
resynthesis, lipid resynthesis and ion transport Baldwin et al. (1980). 
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Mllllgan and Suiraners (1986), Hllllgan (1987) and Summers et al., (1988) 
have defined the processes In cell and tissue maintenance thoroughly. 
They Include turnover of proteins, nucleic acids and lipids; transport of 
Ions (Caf*, K^, Na*), amino acids and other molecules (RNA, proteins) 
across membranes, endo and exocytosis and regulatory cycling of 
Intermediary metabolites or futile cycles. The cost of these processes In 
terms of ATP expenditure of basal metabolism are given In detail by 
Summers et al. (1988), Mllllgan and Summers (1986) and Baldwin et al. 
(1980). 
It Is postulated by Mllllgan and Summers (1986) that heat production 
after feed Intake may be related to the high turnover of cells and protein 
of the gut epithelium. There Is evidence that both protein turnover and 
Na^ transport Increase with feed Intake (Reeds et al., 1985; Reeds and 
Fuller, 1983; McBrlde and Mllllgan, 1985a,b) and this occurs more In the 
metabolically active organs of the gut and liver (Mllllgan and Summers, 
1986; Mllllgan and McBrlde, 1985; McBrlde and Mllllgan, 1987; Webster, 
1981). These observations support the work of Koong et al. (1982a,b, 
1983) which showed that the viscera accounted for a high proportion of the 
maintenance energy requirement. It was reported by Pond et al. (1988) and 
Kass et al. (1980a) that feeding fiber from alfalfa meal to pigs resulted 
In an Increase In the weight of their metabolically active abdominal 
organs (small Intestine, large intestine, kidney and liver). In line with 
these observations, It is possible that fiber may affect both protein 
turnover and ion transport, therefore resulting in a lower efficiency of 
ME utilization. 
Futile cycling is also a major process in basal energy expenditure 
18 
(Summers et al., 1988). Rabkin and Blum (1985) showed that in hepatocytes 
substrate cycles of glycolysis and acetyl CoA/acetate contributed up to 
26% of ATP expenditure. In the ruminant with a high entry rate of 
acetate, the acetyl CoA/acetate futile cycle could be of substantial 
energy cost (Nilligan and Summers, 1986). In pigs, fed fibrous 
feedstuffs, there Is evidence that acetate Is absorbed and present In the 
hepatic portal vein (Rerat et al., 1987) and the above evidence of futile 
cycling could explain the inefficiency of ME utilization from fibrous 
diets. 
The primary factor governing metabolic rate is the requirement of 
various organs and tissues for energy substrates to synthesize ATP from 
ADP for support of maintenance processes or production (Webster, 1980). 
The difference in efficiency of utilization of ME between feeds may be due 
to the ATP used by tissues such as gut epithelium when presented with 
feeds differing in physical and chemical composition (Webster, 1980; 
1981). Blaxter (1989) has demonstrated that the effectiveness by which 
exogenous substrates replace endogenous substrates at maintenance reflect 
their yield of ATP during intermediary metabolism. Thus, volatile fatty 
acids produced in the rumen or the hindgut of the pig have a lower ATP 
yield compared to glucose or long chain fatty acids (Baldwin et al., 1980; 
Milligan, 1971) and more ME would be required to meet the maintenance 
energy requirement. Milligan (1987) and Milligan and Summers (1986) 
suggest that in future we should pay more attention to the effects of 
specific end products of digestion (and related endocrine changes) on 
energy expenditure. 
The NEm varies with body weight of the animal. Kleiber in 1932 
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(Klelber, 1975) related metabolic body size with a function derived from 
plotting the logarithms of fasting metabolic rate against the logarithm of 
body weight. This relationship was found to be linear. Metabolic rate 1s 
proportional to a given power function of the body weight. Klelber 
defined this function as .75 (Klelber, 1975). Literature (Koong et al, 
1982a,b, 1983; Koong et al., 1985; Tess et al; 1984a and Webster, 1981) 
shows that factors other than body size such as sex, breed, diet, level of 
production and size of metabollcally active tissues (liver, kidney and 
gut) Influence the maintenance energy requirement. Further, the 
maintenance energy requirement has been shown to be more closely related 
to lean mass more than to body size (Tess et al, 1984a; Webster, 1981; 
Pullar and Webster, 1977). Some researchers have therefore proposed 
exponents other than the .75 (Klelber, 1975); there has been .57 by 
Brelrem (ARC, 1981) and 1.0 by Klelanowski (1972). The NRC (1988), 
however uses the .75 exponent. 
Energy requirements for maintenance can be determined from three 
types of experiments (Close and Fowler, 1982; Fowler et al., 1980). These 
Include fasting metabolism and linear regression equations relating energy 
retention (ER) to ME Intake where MEm Is where ER Is equal to zero and 
from multiple regression relationship between ME Intake and the rates of 
protein (P) and fat (F) deposition as Independent variables. MEm Is the 
Intercept of the multiple regression analysis (Klelanowski, 1965, 1966). 
Measurements of fasting heat production were done on pigs by Brelrem 
1936 and 1939 (ARC, 1981). Brelrem measured the fasting heat production 
and assumed an efficiency of utilization of ME of 81% to calculate the ME 
intake at maintenance. Later in his studies he proposed to add 20% to the 
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determined maintenance requirement to account for the differences In 
activity between fasted pigs and pigs under normal farm conditions (Just, 
1975b). NEm defined this way Is an apparent measure because It Includes 
heat production from two sources, true NE for maintenance and HI 
originating from catabolism of body substances to maintain the vital 
processes (Just, 1975b). Thorbek et al. (1982) showed that when pigs are 
fasted the maintenance energy requirement decreases. The method, 
therefore, is not practical for estimating the energy requirement for 
maintenance. 
There are several data on determination of MEm from linear regression 
between ER and ME intake. The linear regression Is of the form of ER > Kw 
(ME-a) and the metabollzable energy required (MEm) for energy balance Is 
obtained by MEm - a/kw, where ER Is the energy retained, Kw is the partial 
efficiency with which ME is used for retention (above maintenance), ME is 
metabollzable energy (mcal/d), a is Kw.MEm (mcal/d). Values summarized by 
ARC (1981) for MEm varied from 85 to 152 kcal/d/kg*^® and for partial 
efficiency (kw) of ME utilization for retention from .59 to .88. 
In our laboratory using the above method, Ewan (1982) reported the 
MEm for young pigs of 114 kcal/d/kg*^® or NEm of 69.6 kcal/d/kg*^® and a 
partial efficiency of ME utilization of .608. This method was used to 
estimate the NEm for growing pigs and consequently the NE value for wheat 
bran (Kinyamu and Ewan, 1990a) and to estimate the NEm of the Chinese pig 
(Kinyamu and Ewan, 1990b). 
The third method for estimating the maintenance energy requirement is 
the statistical multiple regression approach (factorial approach) proposed 
by Kielanowski (1965, 1966). In this approach the energy (ME) was 
21 
separated Into three factors, namely, maintenance, total cost of protein 
accretion and total cost of fat accretion: 
ME - MEm + 1/kp P + 1/kf F 
Where: ME Is metabollzable energy, MEm Is metabollzable energy for 
maintenance estimated as the Intercept of the multiple regression, P and F 
are energy retained as protein and fat respectively, kp and k^ are the 
efficiency of energy utilization for protein and fat accretion 
respectively. The maintenance energy requirement Is assumed to be the 
point where there Is zero protein and fat deposition. Physiologically, 
maintenance cannot be separated from growth In growing animals, because 
maintenance and growth are mutually exclusive terms (Webster, 1978). 
Close et al. (1978) showed that at energy equilibrium pigs up to 35 kg 
deposited 4 to 7 g nitrogen per day, while Fuller et al. (1976) reported 3 
to 5 g nitrogen retained by 30 to 60 kg pigs at energy equilibrium. 
Estimates of maintenance, efficiency of protein and fat deposition varied 
from 95 to 163 kcal/day/ W*^®; .35 to .80 and .62 to .86, respectively, 
from data summarized using this approach (ARC, 1981). 
The factorial approach has limitations as discussed by ARC (1981), 
Fowler (1978), Close and Fowler (1982). The Independent variables are 
correlated. For example, lipid accretion Is related inversely to protein 
accretion. The model assumes that kp and k^ are constant over a wide 
range of maturity (linearity), but as shown by Fowler (1978) the 
inflection curve for protein accretion occurs at 65 kg live weight and for 
fat at 105 kg. Reeds et al. (1980) also showed that protein accretion was 
higher In younger pigs (30 kg) than older pigs (90 kg). The differences 
In techniques to acquire the data also present some problems. The 
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particular definition of maintenance In this model as discussed earlier Is 
hypothetical. 
The quantity of feed Intake per unit of required to maintain 
the animal at energy equilibrium will have an NEm equal to the heat 
produced at zero feed Intake (Lofgreen and Garrett, 1968). NE Is the best 
measure of the energy value of a feed because NE Is directly proportional 
to the ability of the feedstuff to provide the maintenance and production 
requirements of the animal (Kromann, 1973). 
Working with ruminants, Oskar Kellner in Germany, Armsby (Blaxter, 
1962) and Nollargard (Blaxter, 1962) developed NE values based on energy 
gain after supplementation with various Ingredients. Nehring and Haenlein 
(1973) described a NE system used in Germany based on the quantity of body 
fat resulting from a unit quantity of feed fed to animals already given 
enough feed to meet the maintenance energy requirement. The system was 
termed as net energy of fattening NEf and could be used for various 
livestock species (Nehring and Haenlein, 1973). 
Lofgreen and Garrett (1968) used a comparative slaughter technique 
to estimate energy balance and consequently the fasting heat production of 
the steers, based on the fact that heat production Is equal to ME minus 
energy gain. Lofgreen and Garrett (1968) observed a linear relationship 
between logarithm of heat production and ME intake. Extrapolation of the 
line to zero gave the fasting heat production and consequently the NEm, 
allowing estimation of the NEm value of the feedstuff. 
Using the comparative slaughter technique to estimate NEm for pigs, 
Ewan (1976) observed a linear relationship between ME intake and energy 
gain and concluded that in pigs ME was used at the same efficiency for 
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maintenance and for production, thus different values for NEm and NEp were 
not necessary In contrast to beef cattle (Lofgreen and Garrett, 1968). 
In our experiments the comparative slaughter technique was used to 
determine the NE value of wheat bran for young pigs and the NEm of the 
Chinese pig. 
Fiber Utilization by the Pig 
Since the mid 1970s concepts regarding the role of fiber in animal 
and human nutrition have undergone considerable change (VanSoest, 1982; 
1985). In animal nutrition. Pond (1981, 1987) and Varel (1987) in their 
reviews on fiber utilization indicated that the survival of the livestock 
Industry, including the swine Industry, will depend on the ability of 
animals to compete with humans for the available food supply. At the 
present time, the human population is Increasing at a faster rate than 
food production. The future of livestock industry will therefore depend 
on utilization of alternative feed resources. Such resources Include 
milling and distillery by-products which are generally fibrous. 
Research on fiber utilization in swine has gained Interest because 
there is need to understand, the metabolic and physiological effects of 
feeding fibrous feeds to swine. Further Interest in fiber research has 
been generated by the recognition that the pig can serve as a useful model 
for human studies (Ehle at al., 1982; Nendeloff, 1978). These recent 
developments in human and animal nutrition have brought fiber into the 
main stream of human and nonruminant nutrition research. 
The widely accepted definition of dietary fiber by human 
nutritionists is the sum of plant polysaccharides and lignin which are 
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resistant to mammalian digestive enzymes (Trowel!, 1976). This definition 
Includes mucins, gums and mucilages which are not of plant cell wall 
origin (VanSoest, 1982). The definition combines chemical and 
physiological aspects of dietary fiber and does not apply directly to an 
entity that Is measurable. Southgate (1969) defined fibrous carbohydrates 
as those not digested by mammalian enzymes and thus, do not yield sugar as 
a metabolite and therefore are unavailable. In both humans and 
nonrumlnant herbivores, the above Is not true because fiber Is fermented 
In the hindgut to volatile fatty acids which are absorbed both by man and 
other animals and contribute to the energy supply (McNeil et al., 1978; 
Argenzio and Southworth, 1975). 
Dietary fiber Is composed of several complex and highly variable 
chemical and structural arrangements which dictate specific physiological, 
functional and nutritional properties. The conventional components of 
dietary fiber are divided according to plant function Into three 
categories, structural polysaccharides, which Include cellulose and 
noncellulosic polysaccharides and nonstructural polysaccharides, such as 
gums and mucilages secreted by plant cells (Schneeman, 1986). 
Noncellulosic polysaccharides Include, hemlcellulose, pectic substances 
and beta-glucans (Schneeman, 1989). Nonconventlonal forms of dietary 
fiber include phenolic compounds, cutlcular substances, glycoproteins, 
minerals, resistant starch and maillard compounds (Dreher, 1987). These 
are not fiber sources but they are associated with the cell wall 
components. In addition to the cellulose and noncellulosic structural 
polysaccharides dietary fiber Includes llgnln. True lignln Is a 
polymerized phenylpropane units derived from phenolics such as sinapyl, 
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conlferyl, cinnatnyl and p-coumary1 alcohols (VanSoest, 1982, Schneeman, 
1989). 
The physical characteristics of fiber dictate the physiological 
response In both animals and humans. These properties Include water 
holding capacity, cation exchange capacity, particle size, density, 
adsorption to organic molecules, microbial degradation, viscosity and 
gelation (Dreher, 1987; Schneeman, 1989; VanSoest, 1982). 
Early methods for estimating dietary fiber were developed to assess 
ruminant feeds and not for humans or nonrumlnant animals. Crude fiber was 
determined by sequential extraction of feeds with acid and alkali. 
However, VanSoest and McQueen (1973) reported that about 60% of llgnin and 
80% of hemlcellulose were lost and only 50 to 80% of the cellulose was 
recovered with this method. Today several alternatives have been 
developed Including the detergent methods. Neutral and acid detergent 
extraction methods are based on the ability of the detergents to 
solubilize fats, nitrogen containing compounds, simple sugars and some 
starches (VanSoest, 1963; VanSoest and Wine, 1967). 
The acid detergent fiber procedure (ADF) determines lignin, cutin, 
cellulose, indigestible nitrogen and silica. The method was developed by 
Goering and VanSoest (1970). The ADF residue is further analyzed for 
either the cellulose or llgnin by using 72% sulfuric acid hydrolysis or 
permanganate oxidation. The classic llgnin method, termed the klason 
llgnin. Involves the removal of cellulose from the ADF residue by 
hydrolysis In 72% sulfuric acid (Southgate, 1969). Llgnin can also be 
estimated by the permanganate procedure developed as an alternative to the 
72% sulfuric acid method by VanSoest and Wine (1968). Fecal lignin 
26 
recovery Is often Incomplete although llgnin Is theoretically regarded as 
Indigestible. This Is mainly due to methodological problems rather than 
actual llgnin disappearance. There are several reasons for apparent 
digestibility of llgnin (VanSoest, 1982). These Include: 1. presence of 
a digestible contaminant such as protein; 2. the llgnin methodology Is 
not specific for llgnin and 3. the particle size of the feed and fecal 
samples be analyzed 
The neutral detergent fiber (NDF) represents the Insoluble matrix of 
the plant cell wall which Includes llgnin, cellulose and hemlcellulose 
(VanSoest and Wine, 1967). The residue may contain other minor cell wall 
components Including protein and bound nitrogen, minerals, and cuticle 
(VanSoest, 1982). In this procedure, pectin, a component of the cell 
wall. Is lost. 
Hemlcellulose Is usually estimated as the arithmetic difference 
between NOP and ADF. There are errors Involved In this determination. 
Neutral detergent dissolves pectin, silica, tannins while acid detergent 
recovers silica and tannin protein complexes and to a partial degree the 
pectins (VanSoest, 1982; Robertson and VanSoest, 1981). This leads to 
lower hemlcellulose values. Acid detergent dissolves cell wall protein 
while it is recovered by neutral detergent fiber and this leads to high 
hemlcellulose values (VanSoest, 1982). It seems necessary to have a 
direct method for determining hemlcellulose as suggested by Robbins et al. 
(1975). 
New methods of determining total dietary fiber have been reported 
(Southgate, 1969,1981; Prosky and Harland, 1985; Prosky et al., 1984; Asp 
and Johansson, 1981; Furda, 1981). The component sugars of dietary fiber 
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may be determined after acid hydrolysis by using gas liquid chromatography 
(Englyst et al. 1982; Englyst and Cummlngs, 1984, 1988). These methods 
are more precise but may be too time consuming. 
Utilization of dietary fiber In the pig depends on several factors 
including the type and level of fiber, age, live weight, adaptation to 
fiber intake, gastrointestinal transit time, genotype, antibiotics and 
Individual characteristics of the pig. 
The principal factor governing the variation In the fermentablllty of 
fiber Is Its origin. Fiber from legumes Is more fermentable than from 
cereals, while cereal fiber Is more fermentable than from grasses (Dierick 
et al., 1989). Stanoglas and Pearce (1985a) fed fiber originating from 
several sources, namely soybean hulls, lupin hulls, pea hulls, wheat bran, 
maize hulls, maize cobs, oat hulls and lucerne and concluded that the 
leguminous sources were more digestible than cereal grain sources, 
suggesting a relationship between the source of fiber or Its chemical and 
physical properties and the apparent digestibility of the fiber components 
by the growing pig. Ehle et al. (1982) reported significant differences 
in digestibilities of cell wall, cellulose and hemicellulose depending on 
the source of fiber, when coarse bran or fine bran, cellulose or alfalfa 
were fed to pigs. 
Fiber utilization decreases as the level of fiber intake Increases 
(King and Taverner, 1975; Farrell, 1973; Cunningham et al., 1962; 
Stanoglas and Pearce, 1985a). Increasing fiber content in pig diets or 
Increasing the level of feeding decreases gastrointestinal tract retention 
time allowing less time for fermentation Kass et al. (1980a). This 
results in a decrease in apparent digestibility of cell wall components 
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and other nutrients (Kass et al., 1980a; Stanoglas and Pearce, 1985a). 
The fermentative ability of the pig Increases with age, live weight 
and adaptation to fiber Intake (Cunningham et al., 1962; Gargallo and 
Zimmerman, 1981a,b; Schoenherr et al., 1989; Fernandez et al., 1986; 
PoUmann et al. 1979). However, Kass et al. (1980a) reported a higher 
digestibility of alfalfa meal In 48 kg compared with 89 kg pigs. Fiber 
digestibility is higher In sows compared with growing pigs (Fernandez et 
al., 1986; Schoenherr et al., 1989). Varel (1987) reported that, In 
addition to a slower retention time, the sow had over seven times more 
cellulolytic bacteria compared with the growing pig. Therefore, the adult 
pig may be a better candidate for feeding fibrous diets than the growing 
pig (Varel, 1987; Pond, 1981). Feeding fiber to sows either maintains or 
Improves reproductive performance. In a recent study by Honeyman and 
Zimmerman (1990), although feeding corn gluten reduced piglet birth weight 
and sow weight, piglet weights did not differ from pigs fed the control 
diet and the total number of pigs farrowed and alive at birth were more 
for the sows fed corn gluten. Similar results have been reported with 
alfalfa (Pollmann et al., 1981, Calvert et al., 1985); alfalfa orchard 
grass (Holzgraefe et al., 1986). Work by Varel et al. (1982, 1984a, 1988) 
and Varel (1987) shows that the number of cellulolytic bacteria and 
cellulase activity Increase with longer period of fiber feeding suggesting 
progressive adaptation to fiber intake. 
Documented evidence for genetic differences in the ability to utilize 
fiber among nonruminant species is sparse (Pond, 1987). The Chinese pigs 
are often mentioned as candidates for superior ability to degrade fiber 
but published data supporting this concept are lacking (Pond, 1987; Varel, 
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1987). There are data suggesting that the number of ce11u1o1yt1c bacteria 
In lean pigs Is higher than that observed In obese pigs fed alfalfa meal. 
Obese pigs were shown to be more severely affected In growth than lean 
pigs when fed 50% alfalfa meal and the resulting gastrointestinal tract 
hypertrophy was less than In lean pigs (Pond et al., 1988; Pekas et a1.» 
1983). More recently (Varel et al., 1988) has shown that In vivo 
digestibility of all cell wall components was lower for the obese pigs 
than for the lean or contemporary genotypes. The difference In 
utilization of fiber by obese pigs Is probably related to the response of 
the organ weights and the adaptation to the alfalfa meal. Pond et al. 
(1980; 1988) have shown that the obese pigs have shorter small Intestines 
and lower colon weights than lean or contemporary pigs. This suggests 
that the obese pig has a shorter mean retention time and therefore less 
time for the fiber to be fermented. Varel et al. (1988) confirmed that 
rate of passage of digesta was faster for the obese than for lean pigs and 
this could explain the lower In vivo digestibility of fiber In the obese 
pigs. 
The effect of antibiotics on fiber utilization In the pig was 
examined by Gargallo and Zimmerman (1980) who administered neomycin In the 
feed and also via a cannula and reported a complete arrest In cellulose 
digestion. A similar effect was observed by Forbes and Hamilton (1952) 
when sulfathalldlne was added to fiber diets. Conversely, Sherry et al. 
(1981) and Ravindran et al. (1984) reported no effect on cellulose 
digestibility when ASP-250 (chlortetracycline, sulfamethazine and 
penicillin mixture) or virginiamycin were added to diets containing 
alphacel or oats as fiber sources. The effect of antibiotics on the 
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cellulose digestion therefore depends on the cellulose source, the 
antibiotic source and level and the mode of administration and action of 
the antibiotic (Sherry et al., 1981). 
High fiber diets (over 25% cell walls) will decrease growth 
efficiency In pigs (Varel, 1987). Pigs fed alfalfa meal were reported to 
gain less and have higher feed:ga1n ratios than those on control diets 
(Varel et al., 1984a; Pond et al., 1980, 1988, 1989; Bohman et al., 1955). 
Conversely, (Kass et al., 1980a; Forbes and Hamilton, 1952) did not report 
any differences In performance when pigs were fed up to 20% alfalfa meal. 
In other studies (Moore et al., 1988; Lindemann et al., 1986; Kornegay, 
1978, 1981; Ravlndran et al., 1984) there were no differences In 
performance In pigs fed various fiber sources, although In the study of 
Moore et al. (1988) alfalfa meal tended to depress daily gains. These 
reports suggest that unless prevented by bulk or perhaps palatablllty of 
the diet the pig tends to eat until It satisfies its energy requirement 
(Kornegay, 1978; Baird et al., 1970, 1975). 
Fiber inclusion in pig diets results in hypertrophy of the gut and 
gut supporting tissues (Stanogias and Pearce, 1985c; Coey and Robinson, 
1954, Bohman et al., 1955; Pond et al., 1980, 1988; Kass et al., 1980a; 
Pekas et al., 1983). The gut hypertrophy associated with fiber diets is 
probably for adaptation purposes due to the large bulk (Bohman et al., 
1955; Kass et al., 1980a). The Increase in gut and gut fill due to high 
fiber results in lower carcass dressing percent, carcass weight and 
carcass length (Coey and Robinson, 1954; Kass et al., 1980a; Pond et al., 
1989; Varel et al., 1984a; Kennelly and Aherne, 1980). Higher fiber diets 
decrease back fat thickness, cross sectional area of the longisslmuss 
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muscle and Increase trimmed lean cuts (Pond et al., 1988, 1989; Vare1 et 
al., 1984a; Bohman et al., 1955; Kass et al., 1980a). 
The effect of fiber on pig performance is related to the effects of 
fiber on nutrient utilization. The effect of fiber on nitrogen 
digestibility varies depending on the fermentability of the fiber (Mason 
and Palmer, 1973). Fiber sources that undergo extensive degradation in 
the large intestine of the pig will decrease the apparent digestibility of 
nitrogen to a larger extent than fiber sources less susceptible to 
microbial degradation provided the fiber is fed at a similar level. 
Effect of fiber on nitrogen digestibility also depends on the nitrogen 
content of the fiber source (Stanogias and Pearce, 1985a). 
Addition of alfalfa meal to the diets of growing pigs was shown to 
decrease apparent digestibility of nitrogen (Kass et al., 1980a; Stanley 
and Ewan, 1982; Stanogias and Pearce, 1985a; Pond et al., 1986; Moore et 
al., 1988). Similar results have been reported with cellulose (Gargallo 
and Zimmerman, 1981a; De Goey and Ewan, 1975a; Cunningham et al., 1962; 
Farrell and Johnson, 1972, Ehle et al., 1982), soybean hulls (Bailey and 
Ewan, 1984; Stanogias and Pearce, 1985a; Kornegay, 1978, 1981; Moore et 
al., 1988), wheat bran (Stanogias and Pearce, 1985a; Ehle et al, 1982), 
oat hulls and oats (Moore et al., 1988; Ravindran et al., 1984), wheat 
middlings (Pals and Ewan, 1978), rice bran (Robles and Ewan, 1982), alkali 
treated straw (Farrell, 1973), orchard grass hay (Keys et al., 1970). 
The effect of fiber on nitrogen retention is variable. Nitrogen 
retention was increased by various fiber sources (Stanogias and Pearce, 
1985a; Corley et al., 1978; Sherry et al., 1981; Pals and Ewan, 1978; 
Bailey and Ewan, 1984; Holzgraefe et al., 1985), while Moore et al. (1988) 
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reported no such effect. When nitrogen retention was expressed as percent 
of Intake (net protein utilization, NPU) or as percent of digestible 
nitrogen (apparent biological value, ABV) again there was no consensus on 
the effect of fiber. NPU and ABV Increased as alfalfa meal was added to 
the basal diet by Stanley and Ewan (1982). Conversely, Holzgraefe et al. 
(1985) reported no significant effect on NPU with addition of alfalfa 
orchard grass In sow diets. Fiber source did not affect NPU or ABV In the 
studies of De Goey and Ewan (1975b) and Robles and Ewan (1982). 
Determinations of DE, CF, NDF and ADF of several fibrous feedstuffs 
Indicate that DE Is negatively correlated with CF, NDF and ADF (King and 
Taverner, 1975; Just, 1982a,b,c; Ewan, 1989). Several authors working 
with various types of fibers have shown that fiber depresses DE In growing 
pigs (Kornegay, 1978; Ehle et al., 1982; Farrell and Johnson, 1972; 
Farrell, 1973, Cunningham et al., 1962; Moore et al., 1988; Stanoglas and 
Pearce, 1985a; Kornegay, 1981) and In sows (Calvert et al., 1985; 
Schoenherr et al., 1989; Ravlndran et al., 1984; Pollmann et al., 1979; 
Holzgraefe et al., 1985; Lindemann et al., 1986). 
Studies of the NE of fibrous feedstuffs for growing swine show lower 
NE values for fibrous feedstuffs compared with corn (Stanley and Ewan, 
1982; Bailey and Ewan, 1984; Pals and Ewan, 1978; Robles and Ewan, 1982; 
De Goey and Ewan, 1975b). In these studies, the total heat production 
associated with utilization of fibrous feedstuffs was greater than that of 
corn. Therefore NE as a percent of ME was reduced. Just (1982a,b,c) and 
Just et al. (1983a,b) reported that the proportion of digested energy 
disappearing In the cecum-colon Increased with Increasing content of 
dietary crude fiber. NE from fibrous feedstuffs decreases because of 
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several factors. Fibrous feeds may require more energy to move additional 
bulk through the Intestine and the site of absorption and end products of 
digestion change (Pals and Ewan, 1978, Just, 1982a,b; Just et al., 
1983a,b). In the small Intestine the main products absorbed are amino 
acids, fatty acids and hexoses and from the hindgut the end products of 
microbial fermentation are ammonia, amines, volatile fatty acids. Energy 
Is lost In gases (methane and hydrogen) and fermentation heat (Just, 
1982a,b,c; Just et al., 1983a,b). 
Fibrous feedstuffs decrease overall digestible energy and may 
Increase basal metabolic rate (Varel, 1987; Pond et al., 1989). Recent 
studies (Koong et al., 1982a,b; 1983; 1985; Pekas et al., 1983; Ferrell 
and Koong, 1986; Pond et al., 1989) show that the gastrointestinal tract 
responds to diet Intake and composition. Koong et al. (1982 a,b; 1985) 
reported that fasting heat production was highly correlated with visceral 
organ weights. High fiber diets produced gastrointestinal tract 
hypertrophy (Bohman et al., 1955; Kass et al., 1980a; Pekas et al., 1983; 
Stanoglas and Pearce, 1985c; Pond et al., 1980; 1989). Visceral organs 
with their high activity contribute a major portion of the basal metabolic 
rate (protein synthesis and ion transport) which Increase the maintenance 
energy requirement (Summers et al., 1988). This suggests that high fiber 
diets affect energy utilization by decreasing DE and by increasing basal 
metabolic rate of the animal (Pond et al., 1988). 
Increasing fiber in diets of growing pigs in most cases reduces 
apparent digestibility of drymatter (DM) and fiber components (NDF, ADF, 
cellulose, hemicellulose and lignin) (Gargallo and Zimmerman, 1980; Kass 
et al., 1980a; Stanoglas and Pearce, 1985a, Farrell and Johnson, 1972; 
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Moore et al., 1988). Similar results were reported with sows and gilts 
(Holzgraefe et al., 1985; Calvert et al., 1985; Lindemann et al., 1986; 
Pollmann et al., 1979; Ravindran et al., 1984). Conversely, Kornegay 
(1978, 1981) reported a decrease In apparent DM digestibility but the ADC 
of ADF and lignin Increased, while there was no effect on hemlcellulose 
digestibility when soybean hulls were added to swine diets. 
Lignin determined by the permanganate method Is considered 
Indigestible (VanSoest, 1982). However, there are several reports In 
literature on ADC of lignin. Apparent digestion coefficient of lignin Is 
usually depressed by addition of fiber In swine diets (Kornegay, 1978; 
1981; Lindemann et al., 1986; Ravindran et al., 1984; Bailey and Ewan, 
1984). Lignin digestibility Is high In Immature plants with low lignin 
content especially In presence of a digestible contaminant such as protein 
and lignin methodologies are not specific, so lignin content may be 
overestimated (VanSoest, 1982) 
Several explanations have been presented for the decrease In apparent 
nutrient digestibility and absorption of nutrients when fiber Is added to 
swine diets. Among these Is the Increased rate of passage leaving less 
time for the digestive and microbial enzymes to act on the substrates 
(Kass et al., 1980a; Ehle et al., 1982; Holzgraefe et al., 1985). Studies 
In humans, rats and pigs show that dietary fiber affects the secretion of 
the exocrine pancreas and may affect pancreatic enzyme concentration and 
activity (Langlols et al., 1987; Schneeman, 1982; Schneeman and Gallaher, 
1980; Schneeman et al., 1982). In other cases, fiber has been shown to 
cause morphological changes of the Intestinal absorption surface. Moore 
et al. (1988) reported that some pigs fed alfalfa meal suffered a loss of 
35 
epithelial cells and microvilli on the jejunal villi apex, while other 
villi from the jejunum and Ileum suffered erosion of microvilli and cells 
were blunted and folded. In a study of guinea pigs, Knehans and O'Dell 
(1980) reported that alfalfa and alfalfa holocellulose appeared to be 
abrasive to the epithelial cells stripping off some of the microvilli. In 
these animals, exfoliated cells on the villi were commonly observed and 
occasionally a villi were punctured. In a study by Schneeman et al. 
(1982) wheat bran Increased the goblet mucous producing cells In the 
duodenum of rats. These authors attributed the decrease In nutrient 
digestibility to the Increase In bulk of the digesta which reduced the 
diffusion of enzymes and substrates, hence reducing rate of digestion. At 
the same time an Increase In mucus production from the goblet cells would 
Increase the mucosal coat which Is a part of the unstirred water layer 
which may reduce diffusion and absorption of nutrients (Vahouny and 
Cassldy, 1985). 
An Important property of dietary fiber Is the ability to serve as a 
substrate for microbial gastrointestinal fermentation (VanSoest, 1978). 
Fiber utilization is almost entirely confined to the large intestine 
except in situations where there is slow flow through the stomach and 
small intestine (Keys And DeBarthe, 1974). The microflora of the large 
Intestine is similar to that of the rumen, but, unlike the rumen, the 
large Intestine does not have any protozoa or anaerobic fungi (Salanltro 
et al., 1977; Hungate, 1966; Lowe et al., 1985). The most predominant 
genera of bacteria in the large intestine are bacteroides, fusobacterium, 
eubacterlum, peptostreptococccus and bifidobacterium (Salyers et al., 
1985). Varel et al. (1984a,b; 1987) isolated two types of cellulose 
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degrading bacteria: Bacteroldes succlnogenes and Rutninococcus 
flavefaclens. These exist In high numbers In the swine Intestinal tract 
(10®/g dry weight Intestinal contents). Further, Varel et al. (1987) 
Isolated bacteroldes rumlnocola which Is a predominant hemlcellulolytic 
degrading bacteria in the large Intestine of the pig. The number and 
activity of the cellulolytic bacteria Increases when pigs are fed high 
fiber diets (Varel et al., 1982, 1984a,b, 1988) and the numbers are almost 
seven times higher In adult pig than In growing pig (Varel and Pond, 
1985). The primary substrates available for fermentation In the large 
Intestine are dietary plant cell polysaccharides (30-50%), Intestinal 
mucosa which Is replaced every 3 to 6 days (30-50%), glycoproteins from 
saliva, gastric juice and mucous secretions, a few dietary simple sugars 
and d1saccharides, some starch and undigested dietary proteins (Bayley, 
1978; Rerat, 1978; Salyers and Leedle, 1983; Wolin and Miller, 1983; 
Cummlngs and Wiggins, 1986) 
The end products of bacterial fermentation of the above substrates 
Include volatile fatty acids (acetate, propionate and butyrate) and gases 
(hydrogen, carbon dioxide and methane, Elsden et al., 1946; Leng 1970; 
Wolin, 1975). Microbial proteolysis followed by deamlnatlon of amino 
acids also provides volatile fatty acids in addition to ammonia and amines 
(Elsden and Hilton, 1978; Rerat, 1978). 
Recently two extensive reviews have been published on the production 
and utilization of volatile fatty acids in the gastrointestinal tracts of 
various species (Bugaut, 1987; Bergman, 1990). Early studies of Barcroft 
et al. (1944), Elsden et al. (1946) and Phillipson (1947) proved that in 
nonruminants VFA production occurred in low rates in the stomach and small 
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Intestine and there wer higher rates of production In the cecum and the 
large colon. These findings were confirmed In the pig by Cranwell (1968), 
Clemens et al. (1975) and Argenzio and Southworth (1975). The relative 
proportions of VFA may vary with diet and age of the pig, but they remain 
within the range of 60-70% acetate, 15-25% propionate and 10-15% butyrate, 
respectively In animals on conventional diets (Hungate, 1966; Elsden et 
al., 1946). These figures closely agree with those reported for the pig 
(Argenzio and Southworth, 1975; Kennelly et al., 1981; Stanogias and 
Pearce, 1985b). 
Several methods have been used to study production rates of VFA in 
the large Intestine of the pig. These Include exponential functions 
describing the rate of decrease in VFA at any time on regression line of 
VFA concentration and time after feeding (Kass et al., 1980b), cecal 
isotope dilution (Kennelly et al., 1981), in vitro fermentation (Imoto and 
Namioka, 1978a; Gargallo and Zimmerman, 1981b; Farrell and Johnson, 1972; 
Kim et al., 1978). The daily VFA production was reported by Imoto and 
Namioka (1978a) to be 900 mmoles for a low carbohydrate diet containing 
10% crude fiber. 
Volatile fatty acids formed in the large Intestine are readily 
absorbed (Argenzio and Southworth, 1975). Evidence of this absorption is 
documented as appearance of the VFA in blood leaving the gastrointestinal 
tract (Barcroft et al., 1944; Imoto and Namioka, 1978b, 1983b; Rerat et 
al., 1987; Giusi-Perler et al., 1989; Topping et al., 1985). 
VFA may be effectively used for maintenance, growth and lipogenesis. 
In the pig, VFA produced In the large intestine may provide 5 to 30% of 
maintenance energy requirement (Friend et al., 1963; Farrell and Johnson, 
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1972; Imoto and Namloka, 1978a,b; Kass et al., 1980b; Kennelly et al., 
1981; Topping et al., 1985; Rerat et al., 1987; Yen et al., 1990). 
The proportions of Individual VFA In the large Intestine does not 
parallel that of the hepatic portal vein (Argenzio and Southworth, 1975; 
Rerat et al., 1987). Thus VFA, especially butyrate, are metabolized to 
some extent by the gut epithelium. Most studies on the metabolism of VFA 
by the gut epithelium have been done with the rumen (Stevens, 1970). In 
the gastrointestinal mucosa, VFA can serve as oxidative fuels or 
precursors for lipid synthesis. The first step for metabolism of VFA Is 
their activation to acylCoA derivatives by the specific acylCoA 
synthetase. It Is not clear If these enzymes are In the large Intestinal 
mucosa of the pig, but Cook et al. (1969) demonstrated their presence In 
the rumen epithelium. Bergman and Wolff (1971) showed that In sheep 
approximately 30, 50 and 90% of acetate, propionate and butyrate 
respectively did not reach the portal blood. The main pathway for VFA 
utilization by the gut epithelium Is complete oxidation to carbon dioxide. 
For rat colonocytes, butyrate was shown to be an Important energy source 
even In the presence of glucose (Roedlger, 1982). In addition to 
oxidation to carbon dioxide, butyrate Is partially oxidized to ketone 
bodies, mainly B-hydroxybutyrate and acetoacetate (Stevens, 1970). The 
rumen epithelium has the major enzymes for ketone body formation which are 
3-hydroxy-3-methylglutaryl CoA (HMG-CoA) synthetase, HMG-CoA lyase and 
3-hydroxybutyrate dehydrogenase (Baird et al., 1970; Emmanuel, 1980). In 
the pig, VFA metabolism at the gastrointestinal wall has not been 
documented, but was suggested by the in vitro studies of Ly (1974) and 
postulated by Rerat et al. (1987). Studies in sheep, (Pethick et al.. 
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1981} and rabbits (Henning and Hird, 1972a,b) show metabolism of butyrate 
to carbon dioxide and ketone bodies by the gut epithelium. 
The metabolism of VFA by the gut wall depends on the Individual acid 
butyrate > propionate > acetate (Cook et al., 1969; Bergman and Wolff, 
1971). The remainder Is transported to the liver. The liver removes 
almost all the butyrate and propionate such that acetate In most species 
Is 90-98% of VFA present In arterial and peripheral venous blood. In 
studies with the pig, concentration of VFA In the hepatic portal vein Is 
higher than In the arterial blood (Rerat et al., 1987; Imoto and Namloka, 
1983b; Glusi-Perler et al., 1989; Yen et al., 1990). The acetate Is 
utilized by peripheral tissues (Knowles et al., 1974). The ability of the 
tissues to utilize Individual VFA depends on the activities of the 
Individual acyl-CoA synthetases (Cook et al., 1969; Ash and Baird, 1973). 
The activities of these enzymes ensure that butyrate Is metabolized In the 
gut wall, propionate In the liver and acetate by the peripheral tissues 
(Bergman, 1990). Utilization of acetate by the peripheral tissues differs 
between the ruminant and the nonruminant. In the ruminant, the acetate 
carbon Is the preferred substrate for fatty acid synthesis in the adipose 
tissue or the mammary glands, while in the nonruminant the glucose carbon 
is utilized for fatty acid synthesis (Bergman, 1990). However, in the 
pig* Latymer and Low (1984) and Latymer and Woodley (1984) reported that 
the ^^C labelled acetate carbon was Incorporated in plasma total lipid, 
such as cholesterol, triacylglycerides and cholesterol esters. Analysis 
of carcass showed a high concentration of ^*C In the back fat. Similar 
results were reported by Huang and Kummerow (1976) in their in vitro 
studies using liver, adipose, intestine and heart tissue. Imoto and 
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Namloka (1983a) reported that In the pig, acetate provided as triacetin 
spared nitrogen and Increased protein synthesis In the liver, heart and 
femoral muscle. Freeman et a1. (1970) reported that the contribution of 
acetate to total carbon dioxide output was 12% and 21% In fed and fasted 
pigs, respectively. 
The ketone bodies produced from butyrate or acetate at the gut 
epithelium are absorbed In the portal blood (Roe et al., 1966). Robinson 
and Williamson (1980) reviewed extensively ketone body utilization by 
mammalian tissues. The major fate of ketone bodies is oxidation by the 
peripheral tissues. The major enzyme In the utilization of ketone bodies 
Is 3-ketoac1d-CoA transferase which has a high activity In the heart and 
kidney, but Is also found In spleen, skeletal muscle, brain and adipose 
tissue (Williamson et al., 1971). 
Animal energy expenditure at maintenance can vary significantly 
depending upon the energy sources because of differences In the 
efficiencies at which ATP Is formed In different metabolic pathways 
(Baldwin et al., 1980). The relative value of VFA for maintenance Is 
lower than that of glucose or free fatty acids such as stearic acid 
(Baldwin et al., 1980; Mllllgan, 1971). Compared to stearic acid the 
relative value of glucose for maintenance Is 105%, while that of acetate, 
propionate, and butyrate Is 89, 91 and 96%, respectively (Baldwin et al., 
1980; Mllllgan, 1971). Thus, the heat loss per mole of ATP formed from 
glucose Is only 17.7 (kcal) compared to 20.9, 20.4 and 19.4 for acetate, 
propionate and butyrate, respectively (Baldwin et al., 1980; Mllllgan, 
1971; Blaxter, 1989). In the pig, Imoto and Namloka (1983b) reported that 
the energetic efficiency of acetate utilization for growth was 56 to 59%. 
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To evaluate the contribution of VFA produced In the large Intestine 
to the energy supply of the pig, net production and absorption must be 
quantified, while the energy requirement of the pig Is being determined 
through respiration and carcass trials. To quantltate net absorption of 
VFA, portal blood flow has to be determined. By multiplying the 
concentration differences of VFA between the efferent (portal) and 
afferent (systemic arterial) blood by the simultaneously determined portal 
blood flow rate, net absorption Into the portal vein per unit time can be 
estimated. 
Techniques for chronic sampling of portal and systemic blood In the 
pig have been reported (Rerat et al., 1980; Yen and Klllefer, 1987). 
Currently two techniques for measuring portal blood flow are being used. 
French workers (Rerat et al., 1980; 1984a,b) have used the electromagnetic 
Induction principle to measure portal blood flow. The method Involves 
creation of a magnetic field of low density perpendicular to the blood 
flow and measuring the electromotive force (EMF) Induced by blood 
circulation. A current Is passed through the electromagnetic sensor to 
create a magnetic field. Blood is an electrical conductor and a voltage 
is created and picked by electrodes and amplified as a direct current. 
Using the electromagnetic induction principle Rerat et al. (1987) 
reported that VFA contributed up to 30% of the energy requirement for 
maintenance of a 60 kg pig. Giusi-Perier et al. (1989) reported VFA 
contribution of 9 to 13% maintenance requirement for 55 to 58 kg pigs. 
Fiber sources In these two studies were different. 
Yen and Klllefer (1987) have used dye dilution technique, 
specifically p-am1noh1ppur1c acid (PAH) (Anderson, 1974; Katz and Bergman, 
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1969) to quantltate portal blood flow. Using the dye dilution method Yen 
et al. (1990) determined the net absorption of VFA while simultaneously 
determining the whole animal heat production using an open circuit 
calorimeter. Under the conditions of this experiment VFA, contributed 24% 
of the energy required for the whole animal heat production of a 37 kg 
pig. Quantification of VFA will become Increasingly Important in 
evaluation of energy supplied by VFA. In our studies we investigated the 
production and absorption of VFA in pigs fed wheat bran diets. 
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described In the Iowa State Graduate College Manual. Three papers have 
been prepared from research conducted In partial fulfillment of 
requirements for Ph.D. degree. 
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ABSTRACT 
Four llttermate groups of four pigs each, averaging 8.1 kg body 
weight and 7 weeks of age, were used In a comparative slaughter experiment 
lasting for 28 days to determine the utilization of energy from wheat 
bran. A corn-soybean meal basal diet was formulated to provide a11 
nutrients, except energy, at twice the NRC (1979) recommendations for 8-10 
kg pigs and was fed to all pigs at 3% of body weight dally. In addition 
to the basal diet, wheat bran was fed at 0, 1 or 2% of body weight dally. 
At these feeding levels, wheat bran was Included In the diet at 0, 25 or 
40%. Addition of wheat bran to the basal diet Improved ADG (P<.01) but 
did not significantly affect F:G (P>.05). The apparent digestibility of 
DM, N, and GE decreased linearly (P<.01) with addition of wheat bran to 
the basal diet. Digestible energy (DE) and ME of the diets decreased 
linearly (P<.01) with addition of wheat bran. Addition of wheat bran to 
the diet Improved ME:DE (P<.05). Metabolizable energy as a percent of DE 
averaged 94.7 for all the diets and 95.2 for wheat bran. Addition of 
wheat bran to the basal diet increased heat production linearly (P<.05). 
Digestibility of NDF, ADF, cellulose and hemicellulose in the diets 
decreased linearly (P<.01) as wheat bran was added to the basal diet. 
Addition of wheat bran to the diet increased ME intake (P<.01) and this 
resulted in a linear increase (P<.01) in daily gain components including 
indispensable amino acids (AA). Increases in ME intake linearly increased 
(P<.05) efficiency of indispensable AA utilization. Total VFA production 
in the cecum increased linearly (P<.01) with addition of wheat bran. The 
average energy values (kcal/g DM) for wheat bran were, GE, 4.57; DE, 3.36; 
ME, 3.20; MEn, 3.19; and NE, 1.10. These results confirm previous studies 
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that have shown that a high heat Increment (HI) Is associated with fibrous 
feedstuffs. 
KEY WORDS: Energy, Pigs, Wheat bran, Amino acids. 
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INTRODUCTION 
The National Research Council (1988) expresses the energy 
requirements of pigs In terms of digestible energy (DE) and metabollzable 
energy (ME). Reliable energy values for feeds used In swine diets would 
improve the accuracy of diet formulation. Although net energy (NE) Is 
difficult to measure, Nehring and Haenlein (1973) concluded that the NE 
system was necessary for evaluating feedstuffs because performance could 
not be predicted accurately from the ME of the feed. The efficiency of ME 
utilization for energy gain In growing pigs varies from 20% for soybean 
hulls (Bailey and Ewan, 1984) to 75% for soybean oil (Phillips and Ewan, 
1977). The efficiency of ME utilization for energy gain and maintenance 
In growing pigs Is Influenced by various factors Including the composition 
of the feedstuff (NRC, 1988). High fiber feedstuffs decrease efficiency 
of ME utilization as reflected by an Increase in total heat production 
(Stanley and Ewan, 1982; Pals and Ewan, 1978; Bailey and Ewan, 1984; De 
Goey and Ewan, 1975b). 
The poor utilization of ME of high fiber diets may be because the end 
products of fiber digestion, which are mainly volatile fatty acids 
(acetate, propionate, butyrate), require additional metabolism to convert 
them to compounds that can be utilized by the pig (Pals and Ewan, 1978). 
The primary objectives of this study were; 1. to determine the DE, 
ME and NE of wheat bran by using the comparative slaughter technique; 2. 
to evaluate the effect of wheat bran fiber on nutrient digestibility, 
including fiber components and 3. to determine the extent of 
fermentation of fibçr by determining VFA concentrations in the cecum. 
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MATERIALS AND METHODS 
Four llttermate groups of 4 pigs averaging 8.1 kg body weight (BW) 
and 7 weeks of age were randomly allotted to pens from litter outcome 
groups. The treatments were randomly allotted to the pens. The basal 
diet (Table 1, 2 and 3) was formulated to provide all nutrients, except 
energy at twice the NRC (1979) nutrient requirements for pigs 5 to 10 kg 
BW. The basal diet was fed at 3% BW per day and wheat bran was fed at 0, 
1 or 2% BW In addition to the basal diet for 28 days. At these feeding 
levels, wheat bran was Included In the diet at 0, 25 and 40% respectively. 
The fourth treatment was the Initial slaughter group. Pigs were fed their 
respective diets at 3% BW for a 7-d adjustment period. Dally feed was 
offered as two equal feedings at approximately 10-12 h Intervals. Diets 
were fed as slurry with a water to feed ratio of about 1:1. Additional 
water was provided 1 h after feeding. 
At the end of the 7-d adjustment period, pigs In the Initial 
slaughter group were killed by electrocution. After removal of 
gastrointestinal contents, the empty bodies Including viscera were stored 
at -20 C. 
The remaining 12 pigs were placed In metabolism cages capable of 
separating feces and urine. Refused feed was collected in a tray under 
the feeder. Pigs were weighed and feeding levels were adjusted weekly. 
Refused feed was dried in an oven, ground and retained for analysis. 
Total fecal and urine collections were made for four consecutive 7-d 
periods. Feces were collected daily and placed in 1 N HCl. Weekly fecal 
and urine samples were prepared for analysis by lyophilization by the 
procedures of De Goey and Ewan (1975a,b). 
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At the end of the experiment, pigs were killed by electrocution. The 
cecum was Isolated and a sample of cecal digesta was taken for VFA 
analysis. Live and empty body weights were recorded. The empty bodies 
were frozen at -20 C and later ground and lyophlllzed for chemical 
analysis as described by De Goey and Ewan (1975a). 
Diets, wheat bran, feces, refused feed, carcasses and 
gastrointestinal fill were analyzed for DM, N and GE. Diets and carcass 
were analyzed for ether extract, ash and amino acid content. Diets and 
feces were analyzed for neutral detergent fiber (NDF), acid detergent 
fiber (ADF), cellulose and llgnin content. Urine was analyzed for N and 
GE content. Dry matter, N, ether extract and ash were determined 
according to AOAC (1980). Gross energy was determined by bomb 
calorlmetry^. Amino acids were determined after acid hydrolysis by using 
Ion exchange chromatography. Neutral detergent fiber (NDF) was analyzed 
by the method of VanSoest and Wine (1967) and acid detergent fiber (ADF), 
cellulose and llgnin were analyzed according to the methods of Goering and 
VanSoest (1970), VanSoest and Wine (1968) and Vansoest (1963). The 
expansion coefficient a measure of the water holding capacity of the 
feedstuff, was determined as described by Bell (1960) and Dreher (1987). 
Volatile fatty acid concentration of the cecal contents were 
determined by gas liquid chromatography using a Perkin Elmer 900 
Instrument equipped with a 185 cm (6 ft) X 2 mm ID glass column packed 
^Parr Instrument Co. 1970. Instructions for the 1241 and 1242 adiabatic 
calorimeters. Manual No. 124. Parr Instrument Co. Moline, IL. 
with 15% SP-1200^ and 1% HgPO^ on 100/20 Chrotnosorb WAW. The carrier gas 
was nitrogen at a flow rate of 30 ml/mln. The Injector temperature was 
set at 200 C while the column temperature was at 150 C. A flame 
Ionization detector with hydrogen and air flow rates set at 30 and 300 
ml/min, respectively, was used for detection. The column was 
preconditioned overnight before use. Details of sample preparation are in 
Appendix A. 
Statistical analysis 
The overall data were analyzed as a randomized block design using 
general linear model (GLM) of SAS (1982). 
Calculation of energy values (Appendix B) 
The energy values for wheat bran were calculated according to De Goey 
and Ewan (1975a,b). Netabolizable energy corrected for N retention (MEn) 
was calculated as described by Robles and Ewan (1982). The N contributed 
by the basal diet was determined by the regression equation calculated 
from the pooled data of pigs fed basal diet in this experiment and data 
from Jimenez (1972), De Goey and Ewan (1975a,b); Pals and Ewan (1978) and 
Wu and Ewan (1979). The regression was Y « .64X - 2.16, where (Y) is the 
N retention and (X) is the N intake, both In g per d. The N retained from 
the basal diet was subtracted from total N retained. The N retention of 
the test Ingredient was multiplied by the average energy per g urinary N 
(7.83 kcal/g N retained, derived from the regression of urinary energy on 
urinary N) and subtracted from the ME value to obtain MEn. The net energy 
2 Supelco Inc., Supelco Park, Bellefonte, PA. 
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for maintenance (NEm) requirement was estimated from the regression of 
energy gain (Y) on ME Intake (X), both In kcal per d per kg*^®. The 
pooled data of pigs fed basal diet only, was from the studies of Wu and 
Ewan (1979), Helland (1979), Stanley and Ewan (1982). The regression was 
Y - .61x - 69.8. The extrapolation of the regression to the intercept 
provided an estimate of the NEm requirement of 69.8 kcal per d per kg'^^. 
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RESULTS AND DISCUSSION 
Average dally gain Increased linearly (P<.01), but feed:ga1n ratios 
were not affected (P>.05) as wheat bran was added to the basal diet, 
(Table 4). Similar results were observed with pigs within this range of 
weight and age when fibrous feedstuffs were added to the basal diet 
(Robles and Ewan, 1982; Bailey and Ewan, 1984; Pals and Ewan, 1978; De 
Goey and Ewan, 1975b). 
Apparent digestibility coefficients (ADC) for DM, N and GE decreased 
linearly (P<.01) with Increasing levels of wheat bran In the basal diet. 
The quadratic effect of the level of wheat bran on ADC GE was significant 
(P<.05). Results obtained from different studies In this laboratory 
reported similar effects on ADC for DM, N, and GE when fibrous feedstuffs 
were added to the basal diet (Stanley and Ewan, 1982; De Goey and Ewan, 
1975b; Bailey and Ewan, 1984). Reports In the literature with older pigs 
and sows show similar trends for apparent digestibility coefficients when 
fibrous feedstuffs are added to swine diets (Kass et al, 1980a; Lindemann 
et al. 1986; Pond et al., 1986; Stanoglas and Pearce 1985a). The decrease 
In ADC of DM, N and GE Is primarily related to the high fiber content of 
wheat bran (Table 2). Fiber Is negatively correlated to the availability 
of energy (King and Taverner, 1975; Just et al. 1982a,b; Ewan, 1989). 
Pigs within 5 to 10 kg were shown by De Goey and Ewan (1975a) to 
Ineffectively utilize cellulose. Rate of passage Increases with addition 
of fiber to the diet and with an Increase in feed Intake (Kass et al., 
1980a; Stanoglas and Pearce, 1985a; Castle and Castle, 1957). The 
Increased rate of passage Inturn decreases the time available for 
digestion and leads to lower apparent digestiblity coefficients of other 
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nutrients. The decrease In ADC of N may be because the Increase In fiber 
or feed Intake Increased the level of metabolic fecal N excretion (Whiting 
and Beazeau, 1957ab; Farrell, 1973). 
Addition of wheat bran to the basal diet resulted In a linear and 
quadratic decrease (P<.01) of ADC of NDF, ADF, cellulose and llgnin (Table 
4). Hemlcellulose digestibility decreased linearly (P<.01) and 
quadratlcally (P<.05) with addition of wheat bran to the diet. Bailey and 
Ewan (1984) reported a decrease in ADC of hemlcellulose and llgnin after 
adding soybean hulls to the basal diet fed to similar weights of pigs as 
In the present study. Results with heavier pigs show similar trends for a 
decrease In digestibility coefficients of fiber components as various 
sources of fiber were added to swine diets (Kass et al., 1980a; Stanoglas 
and Pearce, 1985a; Gargallo and Zimmerman, 1980, 1981; Ravlndran et al, 
1984; Lindemann et al. 1986). A decrease In the ADC of fiber components 
with addition of wheat bran may be due to the fiber composition of wheat 
bran or due to the Increase in feed intake (Farrell and Johnson, 1972; 
Kass et al., 1980a; Stanoglas and Pearce, 1985a). Both factors increase 
rate of passage and decrease the time available for fermentation. 
Nitrogen Intake and fecal N excretion Increased linearly (P<.01) with 
addition of wheat bran to the basal diet (Table 5). Urinary N excretion, 
however, was not affected by the level of fiber (P>.05). Nitrogen 
retention increased linearly (P<.01) and quadratlcally (P<.05) with 
additional energy from wheat bran. However, neither N retention as a 
percentage of N intake nor as a percentage of N digested were affected 
(P>.05). The increase in fecal N may be due to an increase in metabolic 
fecal nitrogen which may increase with fiber or feed intake. Although N 
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digestibility decreased, more N was retained In the body because the pig 
used the energy available from wheat bran and therefore spared the protein 
for N retention rather than an energy source. Similar results on N 
retention were observed by De Goey and Ewan (1975b), Robles and Ewan 
(1982) and Pals and Ewan (1978). Nitrogen retention expressed either as a 
percentage of N Intake or as a percentage of N digested was not 
significantly (P>.05) affected by addition of wheat bran. This suggests 
that the energy available from wheat bran was not efficiently used for N 
utilization or protein synthesis. 
As wheat bran was added to the basal diet, the DE/g and ME/g 
decreased linearly (P<.01) and quadratlcally (P<.05, Table 5). 
Metabollzable energy as a percent of DE increased linearly (P<.05). 
Digestible energy per gram and ME/g decreased because fiber content in the 
diets increased after adding wheat bran (Table 2). Fiber fermentation as 
Indicated by fermentation endproducts in the cecum (Table 13) results in 
gaseous by-products of digestion which reduced the ME in the wheat bran 
diets. The fermentation effect is more likely, because urinary energy was 
not significantly different among the diets. Metabollzable energy as a 
percent of DE increases as protein decreases (May and Bell; 1971; Morgan 
et al., 1975; Wiseman and Cole, 1985). Crude protein In the diets In the 
present study decreased from 32.9 to 28.4 to 25.7% as wheat bran Increased 
from 0 to 25 to 40% in the diets. Metabollzable energy percent of DE 
averaged 94.7% for all the diets, a value close to the one reported by 
Diggs et al. (1965) for most cereal grains. Total heat production 
Increased linearly (P<.05) as wheat bran was added to the diets. 
Live and empty body weight increased linearly (P<.01) as wheat bran 
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was added to the diets (Table 6). Addition of wheat bran did not affect 
percentage DM, water, ether extract, N, crude protein or energy content 
(kcal/g) of the empty body (P>.05), but ash composition decreased linearly 
(P<.01). Percent N of empty body and therefore crude protein was higher 
in pigs fed for 28 d than those in the initial slaughter group (P<.01). 
Addition of wheat bran fiber to the diets may have decreased mineral 
balance resulting in a decrease in ash gain. Newton et a1. (1983) 
reported a decrease in mineral balance when wheat bran was used in swine 
diets. Metabolizable energy Intake increased linearly (P<.01) as wheat 
bran was added to the basal diet (Table 5) and this resulted in a linear 
increase (P<.01) in N and energy gain and ether extract (P<.05), while ash 
gain did not change (P>.05). 
Wheat bran did not affect the concentration of indispensable amino 
acids (AA, g/kg) of empty body (P>.05, Table 7). Pigs fed for 28 d had 
higher indispensable AA concentration (P<.05) except for arginine (Arg) 
and threonine (Thr) than the initial slaughter pigs. Except for valine, 
(Val) which Increased quadratlcally (P<.05), wheat bran had no effect 
(P>.OS) on amino acid composition of the empty body carcass when expressed 
as g/100 g of carcass protein (Table 8). Histidine (His) concentration 
(g/100 g protein) was lower (P<.05) in the initial slaughter group than in 
the pigs fed for 28 d. 
The daily gain of indispensable and dispensable AA Increased linearly 
(P< 01) as wheat bran was added to the basal diet (Table 9). Efficiency 
of utilization (AA gain divided by AA Intake multiplied by 100) of 
isoleucine (lie), leucine (Leu) phenyalanine (Phe) and Val Increased 
linearly (P<.05) while that of methionine (Met) Increased (P<.01) as wheat 
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bran was added to the diets suggesting that the additional energy from 
wheat bran spared the amino acids from being used as an energy source so 
that the amino acids were available for protein synthesis (Table 10). 
Efficiency of AA use decreases as protein Intake exceeds the maintenance 
requirement (Low, 1980; Young et al., 1983) Pigs In this study were fed 
CP at twice the NRC (1979) requirement. This probably resulted In lower 
AA utilization In the basal diet compared with wheat bran diets. The 
level of CP decreased as wheat bran was added to the basal diet (Table 2). 
Energy was probably a limiting factor In the basal diet because, as energy 
was added from wheat bran AA utilization Improved. There were no differ­
ences (P>.05) detected among the treatments when Indispensable AA gain was 
expressed as g/100 g protein gain in 28 d, but dispensable AA gain 
decreased linearly (P<.05, Table 11). Calculations of AA gain are shown 
in Appendix C. 
The GE value of wheat bran was 4.58 kcal/g DM. This value was 
similar to the value reported for wheat bran by Olggs et al. (1965). The 
pooled value of OE and ME was 3.36 and 3.20 kcal/g DM, respectively (Table 
12). These values were higher than those reported by Diggs et al. (1965) 
and NRC (1988). Although the CP percent composition of wheat bran were 
similar In the study of Diggs et al. (1965) and the present study, the 
ether extract content was higher In the present study. The crude fiber 
composition of wheat bran In this study was probably lower than that In 
the study of Diggs et al. (1965). Differences In fiber content of the 
wheat bran In these studies could have resulted In the differences In DE/g 
and ME/g. Netabollzable energy expressed as percent of DE averaged 95.2% 
which was within the range for most cereal grains. The pooled MEn value 
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(kcal/g) of wheat bran was 3.19, which was not different from the 
noncorrected ME value Indicating that most N retention was due to the 
basal diet and not wheat bran. Net energy (kcal/g) and NE as percent of 
ME differed between the two levels of wheat bran (P<.01). It is 
postulated that Increase In total VFA (Table 13) and especially acetate 
resulted in a higher ether extract gain (Table 5) which resulted in a 
significantly higher NE value for the 40% level of wheat bran. The pooled 
NE value (kcal/g) of wheat bran was 1.1 kcal/g, DM. This value was lower 
than the values reported for corn, rice, oat groats and wheat (De Goey and 
Ewan, 1975b; Robles and Ewan, 1982; Galloway and Ewan, 1989; Wu and Ewan, 
1979). 
Addition of wheat bran to the basal diet linearly increased acetate 
(P<.05); propionate, butyrate and total VFA (P<.01) content of the cecal 
digesta. As reported previously, the proportion of acetate as percent of 
total VFA in large intestine digesta decreases as fiber increases in swine 
diets, while the proportions of propionate and butyrate Increase (Kass et 
al., 1980b, Stanogias and Pearce, 1985b). The proportions of VFA In the 
cecal digesta were within the ranges of 60-75% acetate, 15-25% propionate 
and 10-15% butyrate (Argenzio and Southworth, 1975). 
The energy required per unit of gain in fat and protein associated 
with the increase in ME Intake was 19.5 and 16.6 kcal/g for treatments 2 
and 3, respectively. Both values were higher than the value for energy 
cost of gain reported in NRC (1988) which averages 12.6 kcal/g. These 
values suggest that energy from wheat bran which is available as VFA is 
not utilized efficiently for growth by the young pig. Results from this 
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study supports other studies In our laboratory showing that fibrous 
feedstuffs decrease ME utilization. 
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IMPLICATIONS 
Results from this study suggest that the GE of wheat bran Is similar 
to a previously reported value (Olggs et al., 1965), but the DE and ME 
were higher. The NE value of wheat bran was lower than the values for 
corn, rice, oat groats and wheat reported previously in our laboratory. 
Results from composition and energy cost of gain suggest that energy 
from wheat bran which Is available as VFA Is not utilized efficiently for 
growth by young pigs 8 to 18 kg body weight. However, It Is possible that 
the acetate produced during fiber fermentation may be used for fat 
synthesis as Indicated by ether extract gain of pigs fed diets containing 
wheat bran. 
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Table 1. Composition of experimental diets* 
Level of wheat bran, % 
Ingredient 0 25 40 
Corn, yellow dent 14.70 ' 11.03 8.82 
Soybean meal, 48.5% CP 71.00 53.25 42.60 
D1calcium phosphate 4.78 3.59 2.87 
Calcium carbonate .96 .72 .58 
DL methionine .80 .60 .48 
Salt Iodized .76 .57 .46 
L-lys1ne .40 .30 .24 
Vitamin premlx^ 1.50 1.13 .90 
Mineral premlx^ .10 .08 .06 
Soybean oil 5.00 3.75 3.00 
Wheat bran .00 25.00 40.00 
Total 100.00 100.00 100.00 
The experimental diets were fed dally at 3, 4 and 
5% of body weight for 0, 25 and 40% wheat bran, 
respectively. 
^Contributed the following per kilogram of basal 
diet:3350 lU Vit A; 405 lU Vit D; 100 lU Vit E; 1 mg 
Vit K; 45.5 mg niacin; 19.8 mg pantothenic acid; 350 mg 
choline. 
^Contributed the following per kilogram of basal 
diet: 200 mg Zn; 100 mg Fe; 11 mg Cu; 55 mg Mn; 1.5 mg 
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Table 2. Chemical composition of experimental diets and wheat bran 
Level of wheat bran, 
Wheat bran 
Item 0 25 40 
Dry matter, % 91.5 90.7 90.5 90.8 
Dry matter basis 
Ash, % 11.4 10.5 9.2 6.5 
Ether extract, % 6.1 6.1 5.5 4.2 
CP, % 32.9 28.4 25.7 15.7 
N, % 5.3 4.6 4.1 2.5 
Organic matter, % 88.7 89.5 90.8 93.5 
NDF, % 9.4 19.1 25.5 47.9 
ADF, % 5.6 7.9 9.4 14.2 
Cellulose, % 3.9 5.7 6.6 9.8 
Lignin, % 1.3 2.0 2.7 4.5 
Hemlcellulose, 3.7 11.3 16.1 33.8 
GE, kcal/kg 4545 4514 4574 4567 
Expansion 2.2 2.1 1.9 1.7 
coefficient^ 
*Wheat bran was mixed In the diets at the indicated 
percentages. 
'^Hemlcellulose - NDF - ADF. 
^Expansion coefficient - (wet volume g/ml) / (dry volume g/ml). 
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Table 3. Amino acid composition of experimental diets and wheat bran 
(g/kg air dry matter) 
Level of wheat bran, % 
Wheat bran 
Item 0 25 40 
Dry matter, % 91.5 90.7 90.5 90.8 
Arg 26.21 23.41 21.43 13.28 
His 9.59 8.48 7.81 4.90 
lie 16.61 15.51 14.74 7.89 
Leu 28.36 24.27 22.04 10.74 
Lys 24.04 20.51 17.41 7.00 
Met 11.95 12.06 11.52 5.97 
Phe 18.18 15.51 14.74 6.94 
Thr 14.22 12.06 11.52 5.97 
Val 17.93 15.95 14.29 8.48 
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Table 4. Effect of level of wheat bran on overall pig performance and 
nutrient digestibility 
Level of wheat bran % 
Item 0 25 40 SE 
Pig performance 
ADG* 217 307 379 7 
Feed:ga1n 1.42 1.39 1.40 .03 
Apparent digestibility coefficients 
DM, 82.6 75.8 68.9 .6 
N, 85.3 79.7 73.5 .7 
GE, %**b 87.3 78.9 73.6 .5 
NDF, %*'C 82.4 56.4 45.0 .7 
ADF, 84.6 68.0 63.0 .7 
Cellulose, 82.0 45.8 39.8 .9 
Hemlcellulose, 86.1 72.9 69.4 1.3 
Lignin, %*'C 81.2 52.7 42.6 .7 
^Linear effect of level of wheat bran (P<.01). 
'^Quadratic effect of level of wheat bran (P<.05). 
^Quadratic effect of level of wheat bran (P<.01). 
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Table S. Effect of level of wheat bran on N and energy metabolism 
Level of wheat bran % 
Item 0 25 40 SE 
N Metabolism 
Intake, g/day* 14.7 17.5 19.7 .5 
Fecal, g/day® 2.14 3.54 5.21 .12 
Urinary, g/day 6.54 6.04 6.57 .36 
Retention, g/day*'** 6.02 7.89 7.90 .32 
Retention/intake, % 40.8 45.1 39.7 1.8 
Retention/digested, % 47.9 56.6 53.9 2.2 
Energy metabolism 
DE, kcal/g*'C 3.63 3.23 3.05 C
M O
 
ME, kcal/g*'b 3.40 3.07 2.90 .03 
ME consumption, kcal/d* 1041 1300 1544 41 
ME:DE^ 93.8 95.1 95.2 .2 
Heat production, 
kcal/kg'f** 
131 ISO 158 5 
^Linear effect of level of wheat bran (P<.01). 
'^Quadratic effect of level of wheat bran (P<.05). 
^Quadratic effect of level of wheat bran (P<.01). 
^Linear effect of level of wheat bran (P<.05). 
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Table 6. Effect of level of wheat bran on body composition 
Level of wheat bran, % 
Item 0 25 40 IS® SE 
Live wt, kg^^c 14.3 16.4 18.4 8.6 3.1 
Empty Bwt, kg**'^ 13.3 15.3 16.9 8.2 2.6 
Body composition 
DM, % 24.0 23.0 23.8 23.4 .5 
Water, % 76.0 77.1 76.2 76.6 .5 
Ether extract, % 3.4 3.1 4.3 4.7 .6 
Ash, 3.3 3.0 2.7 2.9 .1 
N, 2.53 ' 2.49 2.45 2.30 .04 
CP, 15.8 15.5 15.3 14.4 .24 
Energy, kcal/g 1.30 1.25 1.35 1.35 .05 
Composition of daily gain 
N. gb 5.58 7.48 8.68 - .22 
Ether extract, g^ 2.77 4.16 13.81 - 2.64 
Energy, kcal^ 238 324 455 - 23 
Ash, g 7.44 8.27 8.54 - .81 
Energy, kcal/kg 38 49 66 - 3 
^Initial slaughter group. 
^Linear effect of level of wheat bran (P<.01). 
^Difference between initial vs final (P<.01). 
^Linear effect of level of wheat bran (P<.05). 
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Table 7. Effect of wheat bran on empty body amino acid 
(g/kg air dry matter) 
Amino acid 0 
Level of wheat bran, % 
25 40 IS® SE 
Arg 43.87 44.72 41.88 40.80 .63 
HIs^ 16.34 16.76 15.97 14.40 .63 
ne" 23.53 23.98 22.82 21.38 .70 
Leu^ 48.19 49.41 47.16 44.13 1.45 
Lys*) 42.04 43.23 39.91 37.04 1.59 
Metb 12.49 12.85 12.21 11.14 .41 
Phe^ 24.63 25.09 24.07 22.69 .73 
Thr 24.82 25.13 23.84 22.78 .70 
VaT^ 32.71 33.14 31.94 30.04 .92 
^Initial slaughter group. 
^Initial vs final (P<.05). 
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Table 8. Effect of wheat bran on empty body amino acid 
(g/lOOg protein) 
Level of wheat bran, % 
Amino acid 0 25 40 IS* SE 
Arg 6.93 6.79 6.84 6.97 .09 
HIs^ 2.57 2.54 2.61 2.46 .04 
He 3.71 3.64 3.73 3.65 .04 
Leu 7.61 7.49 7.70 7.54 .08 
Lys 6.63 6.55 6.52 6.33 .09 
Net 1.97 1.95 1.99 1.90 .03 
Phe 3.89 3.81 3.93 3.88 .05 
Thr 3.92 3.81 3.81 3.89 .04 
ValC 5.16 5.03 5.21 5.14 .06 
Ess AA^ 46.50 45.57 46.35 45.95 .40 
Noness AA® 43.87 42.68 43.28 43.65 .55 
'initial slaughter group. 
^Initial vs final (P<.05). 
^Quadratic effect of level of wheat bran (P<.05). 
^Ess AA • Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+Hls+Arg. 
^Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 9. Effect of wheat bran on amino add gain (g/day) 
Level of wheat bran, % 
Amino acid 0 25 40 SE 
Arg 2.40 3.22 3.66 .11 
His® .94 1.27 1.47 .06 
lie® 1.32 1.76 2.05 .06 
Leu® 2.68 3.62 4.23 .11 
Lys® 2.44 3.28 3.61 .15 
Met® .72 .96 1.12 .03 
Phe® 1.36 1.82 2.10 .06 
Thr® 1.38 1.82 2.11 .06 
Val® 1.81 2.40 2.86 .06 
Ess AA®*b 17.46 23.35 26.88 .76 
Noness AA®'^ 15.39 20.28 23.34 .67 
^Linear effect of level of wheat bran (P<.01). 
^Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+His+Arg. 
^Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 10. Effect of wheat bran on amino acid utilization* (%) 
Level of wheat bran, % 
Amino acid 1 0 25 40 SE 
Arg 29 .97 32.36 32.12 1.38 
His 32 .26 35.07 35.45 1.88 
Ileb 26 .01 29.41 31.06 2.03 
Leu^ 30 .95 35.06 36.17 1.17 
Lys 33 .17 37.45 39.02 1.11 
MetC 19 .58 23.79 25.73 .83 
Phe^ 24 .30 27.46 28.16 .92 
Thr 31 .70 35.50 34.47 1.14 
Val^ 33 .10 35.35 37.66 1.16 
Ess AA^ 28 .81 32.25 32.83 1.27 
Noness AA^ 32 .33 35.18 34.53 1.33 
®Amino acid gain 
X 100. 
Amino acid intake 
^Linear effect of level of wheat bran (P<.05). 
^Linear effect of level of wheat bran (P<.01). 
^Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+Hls+Arg. 
^Noness AA » Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 11. Effect of wheat bran on amino acid composition of protein 
gain (g/100 g protein gain) 
Level of wheat bran, % 
Amino acid 0 25 40 SE 
Arg 6.90 6.90 6.66 .09 
His 2.67 2.69 2.67 .07 
He 3.77 3.75 3.72 .05 
Leu 7.68 7.73 7.70 C
O o
 
Lys 6.95 6.97 6.57 .16 
Met 2.03 2.06 2.03 .02 
Phe 3.89 3.88 3.91 .03 
Thr 3.95 3.88 3.83 .05 
Val 5.19 5.11 5.20 .06 
Ess AA® 49.89 49.75 48.85 .36 
Noness Aa'**^ 44.25 43.47 42.45 .46 
*Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+Hls+Arg. 
''Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
^Linear effect of level of wheat bran (P<.05). 
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Table 12. Energy availability In wheat bran 
Level of wheat bran, % 
Item Unit 25 40 SE Pooled 
mean 
SE 
Dry matter basis'' 
DE kcal/g 3.38 3.33 .01 3.36 .01 
ME kcal/g 3.22 3.17 .01 3.20 .01 
MEn kcal/g 3.20 3.17 .03 3.19 .01 
NE kcal/g® 0.92 1.28 .04 1.10 .03 
Efficiency of utilization 
DE:GE % 74.1 72.9 .3 73.5 .2 
ME: DE % 95.1 95.2 .3 95.2 .2 
NE: ME %* 28.7 40.5 1.1 34.6 .8 
^Effect of level of wheat bran (P<.01). 
''wheat bran contained 4.567 kcal per gram dry matter and 90.8% dry 
matter. 
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Table 13. Effect of level of wheat bran on total VFA content of 
cecal digesta (mmoles) 
Level of wheat bran, % 
VFA 0 25 40 SE 
Acetate* 15.27 (73.5)^14.76 (63.0) 20.18 (62.4) 1.25 
Propionate^ 3.54 (17.0) 5.36 (23.2) 7.44 (22.6) .64 
Butyrate^ 1.98 (9.5) 3.22 (13.7) 4.93 (15.1) .39 
Total** 20.78 23.34 32.54 1.99 
®Linear effect of level of wheat bran (P<.05). 
^linear effect of level of wheat bran (P<.01). 
^Values in parentheses are specific VFA as percentage of 
total VFA. 
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APPENDIX A. CECAL DIGESTA VFA ANALYSIS 
(Adapted from Erwin et al., 1961) 
Preparation of cecal samples for VFA analysis 
1. Cecal samples were stored at -4 C prior to analysis. Samples were 
kept at room temperature to thaw and then were vortexed vigorously. 
2. Approximately 2 g were weighed accurately Into a pre-tared 15 ml 
centrifuge tube. Water was added to bring the weight to 10 g 
(approximately 1:5 dilution). The contents were vortexed vigorously. 
3. Contents were centrlfuged for 30 min at 8000 rpm. 
4. The supernatant was filtered using a filter syringe with a 4-5 um 
microsep membrane filter. 
5. Five ml of the filtrate was transferred to a 15 ml centrifuge tube and 
1 ml 25% orthophosphoric acid was added and mixed. Samples were left to 
stand for 30 min and centrlfuged for 10 min at 3000 rpm. 
6. Volatile fatty acids stock standard solution was made to contain 52.46 
umoles/ml of acetate, 13.41 umoles/ml of propionate and 11.08 umoles /ml 
of butyrate . The stock solution was diluted 1:2.5 and .2 ul was injected 
directly to the GC column. The sample (.2 ul) from step 5 was injected 
into the column. 
Sample calculation 
Areas of standard VFA were compared to the area of the cecal VFA 
Area Acetate Propionate Butyrate 
Standards 14969 8459 10020 
Sample 17821 
Standard stock solution 1:2.5 
9948 8750 
Sample dilution 5:6 
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Original dilution: 
10.146 (cecal sample + water) g 
- 4.8337 
2.099 (cecal sample wt) g 
Concentration of acetate In sample 
17821/14969 X 52.546/2.5 X 6/5 X 4.8337/1 
-144.91 umo1es/g cecal digesta 
Total VFA content (mmoles) of the cecal digesta 
Parra (1978) as cited by VanSoest (1982) estimated that in the pig the 
total gut contents accounted for 10.4% body weight (BW) and the cecum 
contents accounted for 1.6% BW 
For pen 1, treatment 1 
Live weight - empty body weight « Gut contents 
13136 - 12455 - 681 g 
681/13136 - 5.2% BW 
When total contents as percentage of BW Is 10.4%, the cecum as percentage 
of BW was 1.6, therefore when total contents as percentage of BW Is 5.2%, 
the cecum as percentage of BW Is 0.8% 
Therefore total acetate: 
0.8/5.2 X 681 - 104 g X 144.91 - 15071 umoles 
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APPENDIX B. CALCULATION OF ENERGY VALUES OF WHEAT BRAN 
Three llttermates are used as examples for these calculations, 
treatment 1, replicate 1 fed basal diet (BO); treatment 2, replicate 1 fed 
basal diet plus 25% wheat bran (WB); treatment 4, replicate 1; Initial 
slaughter group. 
Feed consumed 
For treatment 2, replicate 1, total feed consumed was 11252 g 
11252 X 0.75 - 8439 g BO 
11252 X 0.25 - 2813 g WB 
Gross energv 
The gross energy of basal diet and diet 2 was 4.160 and 4.093 kcal/g, 
respectively. 
Gross energy consumed 
8439 X 4.160 - 35106 kca1 GE, BD 
11252 X 4.093 - 46054 kcal GE, Diet 2 
46054 - 35106 - 10948 kcal GE, WB 
Digestible energy 
Fecal energy was determined by bomb calorimetry. The energy per gram 
of feces multiplied by the amount of feces excreted In 28 d was the fecal 
energy. 
46054 - 10444 - 35610 kcal DE, Diet 2 
The DE of basal diet was determined by multiplying the GE Intake by 
the apparent digestibility coefficient. 
35106 X .773 - 27145 kcal DE, BD 
Digestible energy of wheat bran Is DE of diet 2 minus DE BD. 
35610 - 27145 - 8465 kcal DE, WB 
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The DE of wheat bran divided by the grams of wheat bran consumed Is DE 
kca1/g of wheat bran. 
8465/2813 - 3.009 kcal/g 
Metabollzable energy 
Urinary energy was determined by bomb calor1metry. Urinary energy 
was multiplied by the urinary volume to give the total urinary energy (UE) 
for 28 d. The DE of the diet minus UE Is equal to the ME of the diet. 
35610 - 1736 - 33874 kcal ME Diet 2 
The ratio of ME:DE is equal to 
33874/35610 - .9512 ME:DE ratio 
Metabollzable energy of the basal diet is DE X ME:DE. 
27145 X .9512 - 25820 kcal ME* BD 
Metabollzable energy of wheat bran ME of diet 2 minus ME of BO. 
33874 - 25820 - 8054 kcal ME WB 
Metabollzable energy divided by grams of wheat bran consumed Is equal 
to ME, kcal/g. 
8054/2813 . 2.86 kcal/g WB 
Nitrogen corrected metabollzable energy fMEnl 
Metabollzable energy was corrected for N retained by using the 
relationship between N Intake and N retention. The N retained from wheat 
bran was calculated as the difference between total N retained and N 
retained due to the basal diet. From pigs fed a similar basal diet in 
studies previously conducted In this laboratory the equation for N 
retention was: 
Y - 0.64437X - 2.16064 
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Where: 
Y Is N retention, grams per day 
X Is N Intake, grams per day 
Nitrogen Intake was calculated by dividing the basal diet N Intake by 
28 d and multiplying with percentage N In the basal diet. 
Y - ((8439/28) X 0.04815 X 0.64437) - 2.116064) X 28 
- 201 g N retained from 80 
Total N retained for diet 2 was 195.4 g 
Nitrogen retention attributed to wheat bran. 
195.6 - 201 - -5.6 g N retained 
The grams retained from wheat bran multiplied by the average energy 
per gram of urinary N from pig fed basal diet. 
-5.6 X 7.832 - -44 kcal UE 
To calculate metabollzable energy corrected for N this value was 
added to the ME of wheat bran 
MEn - ME - (7.832 X N retained) 
8054 -(-44) - 8098 kcal MEn WB 
Metabollzable energy corrected for N retention per gram wheat bran 
8098/2813 - 2.88 kcal kcal MEn/g WB 
Energy gain 
Data was obtained from the pigs in the initial slaughter group. To 
estimate initial energy content of the pig in treatment 2, replicate 1. 
The empty body weight (BW) of the initial pig in treatment 4, replicate 1 
was multiplied by the air dry matter and the energy content per gram of 
air dry matter. The Initial energy content of the pig in treatment 2 was 
adjusted by multiplying with the ratio of the live weight of the pig on 
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treatment Z, replicate 1 and the pig In treatment 4 replicate 1. 
7500 X .23293 X 5.152 X 7455/7864 - 8532 kcal 
Estimated Initial energy content of the pig In treatment 2, replicate 
1 was 8532 kcal. 
Final energy content of the pig was calculated by multiplying the 
empty body weight of the pig In treatment 2 replicate 1, by air dry matter 
and by the energy content per gram air dry matter. 
14773 X .24170 X 5.243 - 18721 kcal 
Energy gain (EG) Is final energy content minus Initial energy 
content. 
18721 - 8532 - 10189 kcal 
The net energy of the basal diet was calculated from the equation. 
({69.793 X W'fS X 28) + EG)/ g 80 
Where: 
The estimate of the net energy for maintenance was 69.793 kcal per 
and Is the average of Initial and final live weights raised to 
power. Energy gain (EG) for 28 d from the basal diet was calculated 
for the pig of treatment 1 replicate 1 as previously shown and g/BD was 
grams of basal diet consumed. This value was 7135 kcal. 
NE 80 - ((69.793 X 10.136'^® X 28) + 7135)/7952 - 2.3 kcal/g BD 
Net energy of diet 2 was calculated using the same equation 
((69.793 X 11.591-75) X 28) + 10189)/11252 - 1.996 kcal/g diet 2 
The net energy of wheat bran was calculated from the equation. 
NE WB - ((69.703 X X 28) + EG) - (g BD X NE BD))/g WB 
Where: 
All the values were as defined above except gram BD was the amount of 
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BD In diet 2 and the NE BD was the pooled value of the four pigs fed BD 
and g WB are grams of WB consumed In diet 2. 
NE WB - ((69.793 X 11.591*^®) X 28) + 10189) - (8438 X 2.1775) 
- (22465 - 18376) - 4089/2813 - 1.454 kcal/g 
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APPENDIX C. CALCULATION OF AMINO ACID VALUES 
Amino acid concentration fa/ko air drv matter) 
This value is the grams of amino acid (AA) per kg of empty body 
carcass calculated directly from AA analysis of a given weight of carcass. 
Empty body amino acid content q/ICOq orotein 
Example, initial slaughter group, treatment 4, replicate 1, lysine 
content. 
Protein g/kg - N % X 10 X 6.25 
Where: 
Nitrogen percent is N content of the empty body carcass of the pig 
10 is to convert the grams percent to grams per kg. 
Factor 6.25 to convert grams of N to grams of protein. 
Protein g/kg - 9.93 X 10 X 6.25 
-620.3 g protein 
Lysine content (g/100 g, protein) is 100 multiplied by lysine 
concentration g per kg divided by protein concentration g per kg. 
100 X 38.148/620.3 - 6.1499 g/ lOOg protein 
typing gain 29 <1 
Lysine gain, initial slaughter pig treatment 4, replicate 1. 
Lysine concentration g/kg multiplied by air dry matter of the carcass and 
factor .001. 
Where: 
Air dry matter content of the empty body carcass 
Factor .001 to convert the air dry matter into g/kg 
38.15 X 1747 X .001 - 66.65 g 
Initial lysine content g of the pig in treatment 1, replicate 1. 
100 
Lysine content, g of Initial pig multiplied by the ratio of initial live 
weight of the pig in treatment 1, replicate 1 and the live weight of 
initial pig. 
66.65 X 7636/7864 - 64.72 g 
Final lysine content of the pig in treatment 1, replicate 1. Lysine 
concentration g/kg multiplied by air DM of carcass and factor .001. 
41.450 X 3065.05 X .001 - 127.05 
Lysine gain in 28 d is final lysine content minus initial lysine content. 
127.05 - 64.711 - 62.335 g 
lysine gain pgr day 
Lysine gain grams divided by 28 d. 
62.34/28 d - 2.23 g/d 
Lysine utilization 
Lysine gain in 28 d divided by lysine intake multiplied by 100. 
Lysine utilization, treatment 1, replicate 1 
Lysine intake is, lysine in feed g/kg multiplied by feed air DM and 
by factor .001. 
24.04 X 7952 x .001 - 191.19 g lysine consumed 
Lysine utilization, lysine gain divided by lysine intake 
62.335/191.19 X 100 - 32.60 
Lysine composition of protein gain (g/100 g) treatment 1 replicate 1, 
is lysine gain multiplied by 100 and divided by protein gain. 
Protein gain is N gain multiplied by 6.25 
142.07 X 6.25 - 887.93 g protein gain 
62.335 X 100/887.93 - 7.02 g/lOOg protein. 
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ABSTRACT 
Six pigs averaging 19.0 kg body weight were randomly allotted to 3 
diets: control, 20% wheat bran (WB) or 40% WB to determine the absorption 
of VFA and related metabolites. A digestibility study was conducted 
during the fourth week of feeding. At 4 weeks, pigs were fitted with 
indwelling catheters in the hepatic portal vein (HPV) and carotid artery 
(CA). Blood samples were taken from the HPV and CA before feeding and 
from 2 to 8 h after feeding at 15 to 60 minute Intervals. Plasma was 
analyzed for VFA, glucose, lactic acid, D-B-hydroxybutyr1c acid (BOHBA) 
and urea N (PUN). At the end of the experiment, large intestine digesta 
and fecal samples were collected for determination of VFA. Addition of WB 
in the diet decreased the digestibility of DM, N, GE and fiber components 
(P<.05). VFA (umol/g DM) and total VFA (mmol) from the large intestine 
digesta and 12 h fecal collection Increased with addition of WB but not 
significantly. Addition of WB to the diet had no effect (P>.05) on PUN. 
Concentrations of all the metabolites except for PUN were higher (P<.01) 
in HPV than CA. Volatile fatty acid mixture in the HPV consisted of 
63-66% acetic, 25-27% propionic and 8-10% butyric acid, while the mixture 
in the carotid artery was predominantly acetic acid (85-89%). Addition of 
WB decreased portal-arterial differences of lactic acid (P<.01), glucose 
and BOHBA and tended to Increase portal-arterial differences of VFA 
(P>.05). There was diet X time interaction for portal-arterial 
differences of lactic acid (P<.01), but not for VFA, glucose or BOHBA 
(P>.05). Feeding WB decreased nutrient digestibility and absorption of 
available carbohydrate (glucose) and tended to increase the production and 
absorption of VFA from the large intestine. This shift in the sites of 
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digestion, from the small Intestine to fermentation in the large intestine 
results In a decrease In efficiency of ME utilization to meet energy 
requirement of the growing pig. 
KEY WORDS: Wheat bran, Pigs, VFA 
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INTRODUCTION 
Fiber utilization In the pig depends on a functional hindgut (Bayley, 
1978; Rerat, 1978; Varel, 1987). Microbial breakdown of fiber (cell wall 
polysaccharides In the cecum and colon of the pig generates volatile fatty 
acids (Cranwell, 1968; Clemems et al., 1975; Argenzio and Southworth, 
1975). The mixture of volatile fatty acids are In the relative 
proportions of 60-70% acetate, 15-25% propionate and 10-15% butyrate, 
respectively (Elsden et al, 1946; Argenzio and Southworth, 1975; Kennelly 
et al., 1981; Stanoglas and Pearce, 1985b). Concentrations of VFA In the 
hindgut of the pig were reported to range from 110-290 mmoles/1 (Argenzio 
and Southworth, 1975; Clemens et al., 1975). Several researchers have 
estimated production rates of VFA In the pig and suggested that VFA may 
provide between 5 to 30% of the energy requirement (Friend et al., 1964; 
Farrell and Johnson, 1972; Imoto and Namloka 1978a; Kass et al., 1980b; 
Kennelly et al., 1981; Gargallo and Zimmerman, 1981). 
Recently French workers (Rerat et al., 1987; Glusl-Perler et al., 
1989) and Yen et al. (1990) have quantified the VFA appearing in the 
hepatic portal vein of the pig under various dietary conditions. Further 
investigation is required to be able to determine the importance of 
fibrous feedstuffs as energy sources and the extent of absorption of VFAs 
produced in the hindgut. The primary objective of this study was to 
determine the net absorption of VFA and other related energy substrates to 
the hepatic portal vein by pigs fed wheat bran. Net absorption of a 
nutrient can only be determined if blood flow measurements are made. 
Attempts to measure blood flow in this experiment were unsuccessful and 
therefore only data on portal-arterial differences are reported. 
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MATERIALS AND METHODS 
Six pigs averaging 19.0 kg body weight (BW) were randomly allotted to 
six pens and to three dietary treatments. The diets (Table 1, 2 and 3) 
were formulated to meet the NRC (1988) requirements for pig weighing 10 to 
20 kg BW. The three dietary treatments were control (0% wheat bran), 20% 
wheat bran and 40% wheat bran. Lysine hydrochloride was added as required 
to meet the lysine requirement. Chromic oxide was added In the diets at a 
level of 0.3% as a marker for the digestibility study. The pigs were fed 
at 3.5, 4, and 4.5% BW for the control, 20 and 40% wheat bran diets, 
respectively. Diets were fed as slurry In two equal feedings at 
approximately 10 to 12 h Intervals. Additional water was provided 
approximately 1 h after feeding. Pigs were fed their respective diets for 
a 7-d adjustment period after which the diets were fed for a 3 week test 
period. A digestibility study was conducted for 5 d on the fourth week of 
the study. Fecal samples were collected dally during the 5 d period and 
placed In 1 N HCl. At the end of the digestibility study, fecal samples 
were prepared for analysis by lyophlllzatlon (De Goey and Ewan, 1975). 
At 4 weeks, pigs underwent surgery to fit three Indwelling catheters 
as described below. Approximately 20 to 30 minutes before each surgery, 
pigs were Injected Intramuscularly with 2 ml atropine as a tranquilizer 
and to prevent excess salivation. Prior to surgery, pigs were Injected 
Intramuscularly with 2 to 3 ml ketamlne as an anesthetic. For surgery, 
the pig was placed on dorsal recumbency and halothane was administered 
with oxygen through a face mask at a rate of 5% to Induce anesthesia and 
at a rate of 2% to maintain the anesthesia. A midline Incision was made 
across the llnea alba to expose the abdominal organs. The liver and the 
I l l  
spleen were then exposed. A silastic^ silicone medical grade tubing 
(ID-1.02 mm, OD-2.16 mm length-75-90 cm) was Inserted through a minor 
splenic vein and directed to the hilus of the liver. The catheter was 
usually Inserted for 12 to 14 cm before the tip could be gently palpated 
at the hilus. The messenteric catheter (ID-.76 mm OD-1.67 mm, length-75 
cm) was Inserted at least 2 to 3 cm Into an outer mesenteric vein within 
the jejunal area. Both catheters were firmly sutured In place using a 
silk suture. A trocar was used to exteriorize the catheters through a 
subcutaneous tunnel to the back of the pig. The abdominal Incision was 
then closed using a chromic gut suture. The catheters were rinsed with 
sterile heparlnlzed saline solution (500 lU hepar1n/ml). For the carotid 
artery, an Incision was made on the neck and the artery located by a blunt 
dissection of the neck muscles. The catheter for the carotid artery was 
similar In size to the hepatic portal vein catheter except that It was 
equipped at the tip with a 25 to 30 cm teflon^ tubing. The teflon tubing 
was necessary to direct the catheter against the arterial pressure. The 
catheter was Inserted Into the carotid artery such that the catheter tip 
would be In the brandocephal1c artery. The catheter was then 
exteriorized as previously described. The temperature of the pig was 
closely monitored for 2 days and discontinued if pigs resumed full 
appetite. Pigs were allowed a 5 d recovery period and this generally 
coincided with resumed appetite. On the day of the study a blood sample 
was taken 30 minutes prior to feeding. Pigs were fed half of their daily 
*Dow Corning Corp., Midland, MI 48640. 
^Penntube Plastics Co., Clifton Heights, PA 19018. 
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feed Intake at 8 a.m. At approximately 10 a.m a prelnfuslon blood sample 
was collected to provide a blank for the p-amlnohlppuric acid (PAH) 
analysis. Immediately after priming dose 4 ml/min of 1% PAH solution in 
sterile physiological saline was infused using a two syringe constant 
infusion pump* for 5 minutes to prime the animal. The solution was 
filtered using .2 um sterile filter^ prior to the infusion. After the 
priming dose a constant Infusion (.757 ml/min) of the 1% PAH solution was 
done for 6 h. Disposable syringes were used to simultaneously collect 
blood samples (10 to 12 ml) from the hepatic portal vein and the carotid 
artery and to transfer the blood to 15 ml centrifuge tubes containing 
sodium heparin as an anticoagulant. Each sample was Immediately placed on 
ice and an aliquot of whole blood from each sample was drawn into a 
micro-hematocrit capillary tube, sealed and centrlfuged for 5 minutes with 
micro-capillary centrifuge® for hematocrit determination using a 
micro-capillary hematocrit reader®. After the hematocrit aliquot was 
taken, sodium fluoride was added to the blood samples to prevent 
glycolysis. Blood samples were centrlfuged at 5 C and 3000 rpm for 10 
minutes to separate plasma from the cells. Blood samples were collected 
^Sigma Chemical Co., St Louis, MO 63178. 
4 Harvard classic mechanical 975 syringe pump. Harvard Apparatus, Inc., 
South Natick, MA 01760. 
^ACRODISC disposable filter assembly No. S-4192, Gelman Sciences Inc., 
Ann Arbor, MI 48106. 
®International micro-capillary centrifuge. Model MB, International 
Equipment Co., Boston, MA. 
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at 15 to 60 min Intervals from 2 to 8 h after feeding. At the end of the 
study, pens were cleaned thoroughly before the evening feeding and total 
fecal samples for the next 12 h were collected weighed and homogenized 1n 
1.2 N sulfuric acid to prevent further microbial fermentation. Pigs were 
killed the next morning and the abdominal organs exposed. The position of 
the three catheters were checked and also the condition of the Internal 
organs were evaluated. The large Intestine was 11gated and total large 
Intestine digesta was weighed and homogenized as previously described for 
the fecal samples. 
Feed and fecal samples collected during the digestibility study were 
analyzed for DM, N, GE, fiber components and chromic oxide. Fecal samples 
and large Intestine digesta were analyzed for DM. Dry matter and N were 
analyzed according to AOAC (1980). Gross energy was analyzed by bomb 
calorlmetry^. Neutral detergent fiber (NDF) was analyzed by the method of 
VanSoest and Wine (1967) and acid detergent fiber (ADF), cellulose and 
llgnin were analyzed according to the methods of Goering and VanSoest, 
(1970), VanSoest and Wine (1968) and VanSoest (1963). Chromic oxide was 
determined using atomic absorption spectrophotometry after digesting the 
samples with 10 ml reagent containing 10 g sodium molybdate In 150 ml 
water, 150 ml concentrated sulfuric acid and 200 ml 70% perchloric acid. 
Volatile fatty acid concentration of the fecal and large intestine digesta 
were determined by gas liquid chromatography using a Perkin Elmer 900 
Instrument equipped with a 185 cm (6 ft) X 2 mm Inside diameter (ID) glass 
^Parr Instrument CO. 1970. Instructions for the 1241 and 1242 adiabatic 
calorimeters. Manual No. 124. Parr Instrument Co., Moline, IL. 
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column packed with 15% SP-1200^ and 1% HgPO^ on 100/120 chromosorb WAW. 
The carrier gas was nitrogen at a flow rate of 30 ml/mln. The Injector 
temperature was set at 200 C while the column temperature was at 150 C. A 
flame Ionization detector with hydrogen and air flow rates set at 30 and 
300 ml/mln, respectively, was used for detection. The column was 
preconditioned overnight before use. Details of the sample preparation 
are In Appendix A. 
Volatile fatty acids In plasma were determined by gas liquid 
Q 1/1  
chromatography . The Instrument was equipped with a 15 m Nukol 
capillary column, with a .25 mm ID and a .25 um film thickness. A 
temperature programmed analysis was used. The carrier gas was helium with 
a linear gas rate of 20 cm/sec. Make up gas was helium with the flow rate 
set at 60 ml/mln. The Injector temperature was 250 C. A flame ionization 
detector with hydrogen and air flow rates of 30 and 300 ml/mln, 
respectively, was used for detection. The detector temperature was 250 C. 
The sample was injected with a split ratio of 100:1. Details of sample 
preparation and overall procedure are in Appendix B. 
Plasma glucose was determined using the automated alkaline 
ferricyanide method for reducing sugars modified from the original method 
of Hoffmam (1937). Plasma lactic acid was determined using an automated 
fluorometric enzymatic method utilizing lactic acid dehydrogenase 
(Hochella and Weinhouse, 1965) and B-nicotinamide adenine dinucleotide 
Q 
Supelco Inc., Supelco Park, Bellefonte, PA. 
*Tracor 540 GC Model. 
^^Supelco Inc., Supelco Park, Bellefonte, PA. 
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(NAD*). Plasma D-B-hydroxybutyr1c acid was determined by an automated 
fluorometrlc enzymatic method utilizing D-B-hydroxybutyrate dehydrogenase 
and NAD* (Antonis et al., 1966). Plasma urea nitrogen was determined from 
the plasma samples taken at 8 h after feeding by the method of Marsh et 
al. (1965). Plasma PAH was determined by the colorlmetric method of Brun 
(1951). 
Statistical analysis: 
The performance data and the digestibility data were analyzed as a 
randomized block design using general linear model (GLM) of SAS (1982). 
One pig on the control diet died leaving a total of five pigs. The data 
for fecal and large Intestine VFA and for plasma urea nitrogen were 
analyzed as completely randomized nested design using GLM model of SAS 
(1982). Twelve blood samples collected from each of the five pigs from 
each of the two vessels (hepatic portal vein and carotid artery). Data on 
VFA and metabolites were analyzed as a split plot design to separate 
treatment, vessel and time effects. The above data were also analyzed as 
a split plot design for each vessel. The portal-arterial differences were 
analyzed as a split-plot design (Appendix C). 
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RESULTS AND DISCUSSION 
Postmortem results revealed that In three out of five pigs the 
messenteric vein catheter was no longer In place and In one of the pigs 
there was excessive scar tissue around the vein. In all the pigs, the 
hepatic portal vein catheter was firmly In place. It was not located at 
the hllus, but approximately 2-3 Inches before, which was at the junction 
of the splenic and gastric vein. The carotid artery catheter In all pigs 
was In place but there was excessive thrombosis around the teflon tip. 
There was minimum tissue damage on the liver, spleen and the heart. 
Calculation of the hepatic portal blood flow rates were highly variable. 
In some samples, p-amlnohlppuric acid was not detected Indicating a 
problem In the Infusion. Part of these results may be explained by the 
position of the catheters as shown by the above postmortem. Infusion of 
the PAH was sometimes difficult because the pigs refused to be In a 
standing position and laid on the catheters. Due to these problems, the 
blood flow data were not reported. 
Average dally gain tended to Increase with Increasing level of wheat 
bran, though It was not significant. Feed:ga1n ratios were not affected 
(P<.05) by addition of wheat bran (Table 4). Addition of wheat bran to 
the diet decreased linearly (P<.01) the apparent digestion coefficients of 
DM, N and GE, while apparent digestion coefficients of fiber components 
decreased linearly (P<.05). This effect on nutrient digestibility was 
also seen In our previous study when wheat bran was added to pig diets. 
Similar results on the apparent digestion coefficients of nutrients, 
Including fiber components, have been reported when fiber was added to pig 
diets (Kass et al., 1980a; Stanogias and Pearce, 1985a). 
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Addition of wheat bran to the diets resulted In nonsignificant 
Increases In total VFA concentration (umo1/g DM) and total VFA content 
(Tables 5 and 6). In most literature concentration of VFA has been 
reported as total VFA (mM) per liter of digesta fluid (Argenzio and 
Southworth, 1975; Clemens et al., 1975; Kennelly et al., 1981). VanSoest 
(1982) suggested VFA concentration In the digesta were better expressed 
per gram DM. Comparable data on the concentration of specific VFA In the 
large Intestine digesta Is not readily available. Stanoglas and Pearce 
(1985b) reported total VFA concentration of .18 to .46 mmol per gram DM In 
pigs fed diets with wheat bran NDF ranging from 7.5 to 30%. Total VFA 
(acetate + propionate + butyrate) In the present study was higher than 
that reported by the above authors. The differences could have been due 
to several reasons, Including level of feed intake, differences In the 
site of digesta sampling or differences in the method of VFA analysis. 
The proportions of specific VFA to the total VFA (Table 5) remained in the 
range of those reported by other researchers (Stanoglas and Pearce, 1985b; 
Argenzio and Southworth, 1975; Kennelly et al., 1981; Kass et al., 1980b). 
Total fecal VFA concentration per g DM did not show any conclusive 
trends (Table 5) although the fecal VFA content (mmol) Increased as wheat 
bran was added to the diets. Acetate was the main VFA excreted. The 
proportion of VFA excreted as percentage of total VFA were close to those 
reported by Sambrook (1979). The total VFA pool in the large Intestine in 
this study varied from 124 to 185 mmol. The variation in the total VFA 
pool in the large intestine may be due to differences in undigested 
substrates subjected to fermentation in the large intestine, bacterial 
population and the size of the animals which would dictate the amount of 
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digesta In the large Intestine. 
Total VFA content In the large Intestine digesta was higher than that 
excreted In the feces (Tables 5 and 6). This suggested an apparent 
absorption of VFA, which was shown by the appearance of VFA In the hepatic 
portal vein. Average VFA concentration was higher In the hepatic portal 
vein than In the carotid artery (P<.01) (Table 7). Concentration of VFA 
In the hepatic portal vein tended to Increase with Increasing wheat bran. 
In the carotid artery, the concentration of acetic acid remained higher In 
pigs fed the 40% wheat bran diet. There was a significant (P<.01) overall 
diet X vessel Interaction for propionic and butyric acid, Indicating that 
the response to diet by these VFA was different between the vessels. In 
the hepatic portal vein propionic and butyric acid Increased with addition 
of wheat bran, while in the carotid artery the pig on the control diet had 
higher propionic acid than pigs fed the wheat bran. Although butyric acid 
was higher in the pigs fed wheat bran diets the differences were not as 
large as in the hepatic portal vein. The composition of the mixture of 
VFA varied according to the origin. Volatile fatty acids in the hepatic 
portal vein consisted of 63-66% acetic, 25-27% propionic and 8-10% butyric 
acid. In the carotid artery the mixture consisted mainly of acetic acid 
(85-89%) and lower amounts of propionic acid (6-11%) and butyric acid 
(3-5%). This indicates that the liver extracts most of the propionate and 
butyrate and thus the major VFA circulating in the peripheral system is 
acetate. Absorption of VFA in the pig was first reported early in the 
1940s (Barcroft et al. 1944). Other studies (Friend et al., 1964; Imoto 
and Namioka 1978b, 1983; Topping et al., 1985; Yen et al., 1990; Rerat et 
al., 1987; Glusi-Perier et al., 1989) have reported appearance of VFA in 
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the hepatic portal vein of the pig. Friend et al. (1964), however, did 
not detect butyric acid in the pig blood, while Imoto and Namioka (1978b, 
1983) suggested that most acetate in the pig blood was of endogenous and 
not of dietary origin, supporting an earlier study by Freeman et al. 
(1970) which indicated that acetate entry rates in the pig were higher 
during fasted than fed state. Results from this study suggest that 
substantial amounts of VFA may be from dietary origin. Concentration of 
specific VFA in both vessels in this study were higher than those reported 
by Yen et al. (1990) and Rerat et al. (1987), but close to those reported 
for the hepatic portal vein by Topping et al. (1985) when pigs were fed a 
diet containing wheat bran and whey. Differences in values reported may 
be mainly due to the composition of the diet and differences in methods 
used for plasma VFA analysis. 
Glucose, lactic acid and D-B-hydroxybutyric acid concentrations were 
higher (P<.01) in the hepatic portal vein than in the carotid artery 
(Table 7). Wheat bran had no significant effect on the concentration of 
these metabolites in plasma. Overall diet X vessel Interaction for lactic 
acid was significant (P<.01). Lactic acid was higher for the pig fed the 
control diet both in the hepatic portal vein and carotid artery. The 
differences in lactic acid concentration between the control diet and the 
wheat bran diets were greater in the hepatic portal vein than in the 
carotid artery. Diet X vessel interaction was significant (P<.05) for 
D-B-hydroxybutyric acid. The concentration of D-B-hydroxybutyric acid in 
the control diet was higher in the hepatic portal vein than carotid 
artery. The differences in D-B-hydroxybutyric acid concentration between 
the control diet and the wheat bran diets were greater in the hepatic 
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portal vein than In the carotid artery. The values of glucose and lactic 
acid reported In this study are within the physiological range reported 
for the pig (Hannon et al., 1990). Values of D-B-Hydroxybutyr1c acid were 
within the range reported for nonpregnant gilts by (Ruiz et al., 1971). 
Plasma urea nitrogen was not significantly affected by the diet or 
the vessel. Due to fermentation In the hindgut any ammonia N In the large 
Intestine would be utilized for bacterial protein synthesis (Rerat, 1978) 
and therefore less ammonia would be absorbed in the hepatic portal vein 
for urea synthesis. Addition of wheat bran would increase PUN if the 
protein quality was low or if formation of ammonia N in the large 
intestine exceeded the utilization by the intestinal bacteria. Drochner 
et al. (1987) did not show any differences in PUN concentration in the 
hepatic portal vein and the carotid artery when miniature pigs were fed 
high fiber diets. 
Net absorption of a nutrient can only be determined if blood flow 
measurements are made. Attempts to measure blood flow in this experiment 
were unsuccessful and therefore only data on portal-arterial differences 
are reported. The hepatic portal vein drains the blood from the stomach, 
intestinal tract, pancreas and spleen and it is the major pathway for 
transporting the nutrients from gastrointestinal tract except long chain 
fatty acids (Schummer et al., 1981; Rerat et al., 1980). The carotid 
artery represents peripheral blood. Portal-arterial differences 
represent the true absorption since some nutrients from the intestinal 
lumen or the arterial blood may be catabolized by the gastrointestinal 
wall (Rerat et al., 1980). Positive portal-arterial differences of a 
nutrient is the excess of metabolism relative to absorption (Rerat et al., 
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1980), while negative portal-arterial differences suggest excess 
metabolism relative to absorption. Portal-arterial differences In some 
cases may reflect synthesis of the nutrient by the Intestinal wall. 
Portal-arterial differences of VFA Increased as wheat bran was added 
to the diets, but only butyric acid approached significance (P<.09, Table 
8). Time after feeding and addition of wheat bran did not significantly 
affect portal arterial differences of VFA (Figures 1, 2 and 3). The trend 
was for the portal-arterial differences of VFA to be higher In pigs fed 
wheat bran diets. Volatile fatty adds for the 40% wheat bran peaked 3 h 
after feeding. It has been suggested that digesta takes at least 2 to 4 h 
to get to the Ileal-cecal valve (Rerat et al.,1987; Argenzio and 
Southworth, 1975), indicating that fermentation products would be present 
in plasma after such a time. Positive portal-arterial differences of VFA 
in this study suggest that substantial amounts of VFA were from dietary 
origin. The portal-arterial differences of specific VFA (Table 8) were 
higher than those reported by Rerat et al. (1987) and Yen et al. (1990). 
The differences could be mainly due to differences in diet composition, 
feeding regime and differences In methods of plasma VFA analysis. 
Portal-arterial differences of the metabolites decreased (Table 8) 
with addition of wheat bran and the decrease for lactic acid was 
significant (P<.01). Portal-arterial differences of glucose were not 
affected by either time of sampling or addition of wheat bran. There was 
an Increase in absorption of glucose 2 h after feeding for the control pig 
and this was greater than for the wheat bran diets (Figure 4). A similar 
decrease in glucose absorption was reported by Giusi-Perier et al. (1989) 
after adding cellulose in pig diets. Frank et al. (1983) reported a 
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decrease In blood glucose In the vena cava of the pig after feeding diets 
with fiber from corn cobs. In humans the decrease In absorption of 
glucose by fiber Intake has been the major contributor to Improved glucose 
tolerance In patients with diabetes mellltus (Vahouny, 1982; Mann, 1985). 
Diet X time Interaction was significant (P<.01) for lactic acid. 
Portal-arterial differences of lactic acid were higher at 2 h after 
feeding for the pig on control diet than for the pigs fed wheat bran diets 
(Figure 5). Peak absorption of lactic acid occurred simultaneously with 
peak absorption of glucose. Lactic acid In the portal blood would be from 
microbial fermentation In the stomach (Friend et al., 1963; Argenzio and 
Southworth, 1975; Clemens et al., 1975) or metabolism of the Intestinal 
wall. The parallelism between the absorption of glucose and lactic acid 
suggests metabolism of glucose and other reducing sugars to lactic acid by 
the gut wall. Similar results were reported for lactic acid by 
Glusl-Perler et al. (1989). Portal-arterial differences of 
D-B-hydroxybutyr1c acid were variable, although they generally remained 
high In the pig fed the control diet. There was high variability In 
concentrations of 0-B-hydroxybutyr1c acid between the two pigs fed the 20% 
wheat bran. The initial assumption was that differences in 
D-B-hydroxybutyric acid would be higher in pigs fed wheat bran fiber if 
there was metabolism of the acetic and butyric acid to D-B-hydroxybutyric 
acid by the gut wall, specifically in the large intestine epithelial 
cells, as observed in the rumen (Stevens, 1970). The results were 
opposite from expected with the pig fed the control diet having higher 
D-B-hydroxybutyric acid than pigs fed the wheat bran diets. This effect 
cannot be easily explained. D-B-hydroxybutyric was shown to Increase 1n 
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nonpregnant gilts when fed a low energy diet (Ruiz et al., 1971). The pig 
fed the control diet was fed at 3.5% body weight and It Is probable that 
butyrate was preferred as an energy source by the gut wall which Increased 
the concentration of D-B-hydroxybutyr1c acid In the hepatic portal vein. 
In the rat, Roedlger (1982) reported that colonocytes preferred butyrate 
to glucose as an energy source. 
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implications 
Due to the few animals used In this study Interpretation of the data 
should be made with caution. However Important trends were observed when 
wheat bran fiber was added to the pig diets. 
The decrease In efficiency of ME utilization for NE that was observed 
when wheat bran was fed to growing pigs could be mainly due to a substantial 
shift of digestion from the small Intestine to fermentation In the large 
Intestine. As a consequence, there are additional losses of energy because 
of bacterial fermentation and VFA produced are utilized at a lower 
efficiency (Baldwin et al., 1980; Mllllgan, 1971) to meet the energy re­
quirement of the pig. In the future, to evaluate energy available from 
fibrous feedstuffs, more knowledge will be needed on fermentation of 
different fiber components, the types of VFA produced, their absorption and 
their energetic efficiency In the pig. 
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Table 1. Composition of experimental diets 
Level of wheat bran, %* 
Ingredient 0 20 40 
Corn, yellow dent 73.05 55.40 39.79 
Solv. SBM (48.5%) 23.04 20.82 16.40 
Calcium carbonate .89 .84 .84 
Oicalcium phosphate 1.32 1.24 1.20 
Salt, iodized .25 .25 .25 
L-lysine .05 .05 .12 
Vitamin premix^ 1.00 1.00 1.00 
Mineral premix^ .10 .10 .10 
Wheat bran .00 20.00 40.00 
Chromic oxide .30 .30 
o
 
m
 
Total 100.00 100.00 100.00 
The experimental diets were fed at 3.5, 4.0 and 
4.5% body weight for the 0, 20 and 40% wheat bran diets, 
respectively. 
'^Contributed the following per kilogram of basal 
diet: 4400 lU Vit A, 1100 lU Vit D, 6.6 mg riboflavin, 
33.0 mg niacin, 17.6 mg pantothenic acid and 22.0 meg 
vit Bjg. 
^Contributed the following per kilogram of basal 
diet: 200 mg Zn, 100 mg Fe, 11 mg Cu, 55 mg Mn and 1.5 
mg I. 
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Table 2. Calculated analysis of experimental diets 
Level of wheat bran. % 
Ingredient 0 20 40 
CP, % 18.1 18.5 18.1 
GE, kcal/kg 4381 4446 4461 
ME, kcal/kg 3304 3265 3222 
NE, kcal/kg 2105 1881 1664 
Calcium, % .70 .67 .67 
Phosphorus, % .59 .74 .90 
Vît A, lU/kg 9431 8231 7169 
Vît D, lU/kg 1101 1104 1104 
Riboflavin, mg/kg 8.1 8.7 9.2 
Niacin, mg/kg 55.0 98.0 141.1 
Panthothenic acid, 
mg/kg 
24.7 29.4 33.9 
Choline, mg/kg 1029 1192 1305 
Vit Bjg. mcg/kg 22.0 22.0 22.0 
Lysine, % .96 .96 .98 
Methionine + .62 .62 .59 
cystine, % 
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Table 3. Chemical analysis of experimental diets 
Level of wheat bran , %* 
Wheat bran 
Item 0 20 40 
DM, % 92.20 91.72 91.72 89.61 
Dry matter basis 
CP, % 17.06 19.19 19.56 19.06 
N, % 2.73 3.07 3.13 3.05 
NDF. % 13.85 19.94 26.52 52.30 
ADF, % 3.57 6.29 8.34 15.57 
Cellulose, % 2.37 3.92 4.92 5.34 
Lignin, % .92 2.14 2.77 5.34 
Hemlcellulose, 10.28 13.64 18.17 36.74 
GE, kca1/kg 4221 4282 4267 4418 
*Wheat bran was mixed In the diets at the Indicated 
percentages. 
''Hemicellulose - NDF - ADF. 
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Table 4. Effect of level of wheat bran on pig performance and nutrient 
digestibility 
Level of wheat bran % 
Item 0 20 40 SE 
Pig performance 
ADG, g 374 419 476 13.3 
AOFI, g 765 870 1019 12.8 
Feed:gain 2.15 2.14 2.18 0.0! 
Gain:feed .48 .48 .46 0.02 
Apparent Digestion Coefficients, % 
DM, X® 88.1 83.0 80.2 0.5 
N, 87.0 82.9 76.3 0.4 
GE, %* 88.1 84.0 76.8 0.9 
NDF, 72.0 64.9 54.4 2.4 
ADF, 63.5 54.9 39.5 3.1 
Lignin, % 63.4 58.3 43.8 4.5 
Cellulose, 62.8 52.4 34.6 2.9 
Hemicellulose, 75.0 69.4 61.2 2.2 
^Linear effect of level of wheat bran (P<.01). 
^linear effect of level of wheat bran (P<.05). 
129 
Table 5. Effect of level of wheat bran on VFA concentration In 
the large Intestine and fecal contents (umol/g DM) 
Level of wheat bran, % 
VFA 0 20 40 SO 
Large Intestine 
Acetate 386 (61)* 457 (61) 540 (64) 69 
Propionate 151 (24) 185 (25) 178 (21) 27 
Butyrate 92 (15) 115 (14) 124 (15) 42 
Fecal 
Acetate 186 (71) 264 (68) 173 (75) 105 
Propionate 51 (19) 81 (20) 44 (19) 37 
Butyrate 26 (10) 51 (12) 14 (6) 32 
^Values In parentheses are VFA as percentage of 
total VFA (Acetate + propionate + butyrate). 
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Table 6. Effect of level of wheat bran on total large 
Intestine and fecal VFA content (mmol) 
Level of wheat bran, % 
VFA 0 20 40 SD 
Large intestine 
Acetate 76 115 119 55 
Propionate 30 46 39 22 
Butyrate 18 26 27 9 
Fecal 
Acetate 18 31 52 24 
Propionate 5 10 13 7 
Butyrate 2 6 5 6 
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Table 7. Effect of level of wheat bran on plasma VFA and metabolite 
concentration 
Level of wheat bran. % 
Unit 0 20 40 m' a 
HPV^ CA^ HPV CA HPV CA HPV CA 
VFA 
Acetate umol/1 905 380 926 379 1194 497 1008 418 
Propionate^ umol/1 355 50.5 392 29.4 456 35.4 401 38 
Butyrate^ umol/1 116 14.7 148 22.3 
Metabolites 
159 25.8 141 21 
Glucose mmol/1 5.72 4.54 5.51 4.85 5.59 4.73 5.6 4.7 
Lactic^ 
acid 
mmol/1 2.09 1.63 1.34 1.22 1.37 1.33 1.6 1.4 
BOHBA® umol/1 20.06 16.63 13.36 11.03 13.54 12.44 15.7 13.4 
PUN mg/dl 7.55 7.00 7.62 7.70 8.93 8.62 8.0 7.8 
^Average vessel difference (P<.01), except for PUN. 
^kPV - Hepatic portal vein. 
^CA • Carotid artery. 
^Overall diet X vessel Interaction, (P<.01). 
^Overall diet X vessel Interaction, (P<.05). 
132 
Table 8. Effect of level of wheat bran on portal-arterial 
differences of VFA and metabolites (umol/1) 
Level of wheat bran, % 
Item 0 20 40 SD 
Acetate 525 547 697 200 
Propionate 305 363 421 71 
Butyrate® 101 126 131 28 
Glucose 1186 656 860 450 
Lactic acld^ 460 125 41 130 
BOHBA 3.43 2.33 1.10 2.15 
^Linear effect of level of wheat bran (P<.09). 
^linear effect of level of wheat bran {P<.01). 
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Figure 1. Portal-arterial differences of acetic acid 
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Figure 4. Portal-arterial differences of glucose 
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APPENDIX A. FECAL OR LARGE INTESTINE VFA ANALYSIS 
Preparation of fecal or large Intestine diaesta samples for VFA analysis. 
1. Total fecal and large Intestine digesta for 12 h from each pig were 
weighed and homogenized in 1.2 N sulfuric acid. 
2. A 50 ml sample was stored at -4 C until analyzed. 
3. At the time of analysis samples were thawed and vortexed vigorously. 
4. The following standard mixture was prepared with distilled water in 
a 100 ml volumetric flask: 
VFA ul/100 ml ma/100 ml mmol Density a/ml 
Acetic (AC) 300 314.7 52.4 1.049 
Propionic (PRO) 100 99.3 13.4 .992 
Butyric (BUTY) 100 95.8 11.1 .964 
Isobutyric (ISO) 100 95.0 10.8 .950 
The above stock solution was diluted 1:2.5. At this dilution the 
concentration of isobutyric acid was 4.3146 mM. 
5. Preparation of the internal standard for the fecal and large Intestine 
digesta samples: 
Isobutyric acid (2 ml) was diluted to 100 ml distilled water. This 
gives concentration of 1.9008 g/100 ml of isobutyric acid or .2157 M or 
19.008 mg/ml or 3.8016 mg in 200 ul. 200 u1 of the internal standard 
solution was added to each sample. At this volume and after dilution of 
the sample the isobutyric acid was present in the sample at a 
concentration of 4.3146 mM. 
6. Approximately 4 g of the vortexed fecal or 2 g of the vortexed large 
intestine digesta were weighed in a pre-tared 15 ml centrifuge tube. 200 
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u1 of the Isobutyric acid Internal standard solution was then added. 
Distilled water was added to bring the weight to approximately 10 g. At 
this weight the fecal samples were diluted to approximately 1:2.5 and the 
large Intestine samples were diluted to 1:5. 
7. The contents In the centrifuge tube were vortexed and centrlfuged for 
30 min at 8000 rpm. 
8. The supernatant was filtered using a filter syringe with 4-5 um 
raicrosep membrane filter. 
9. The sample or standard (.2 ul) was injected directly on the GC column 
described In the text. Samples and standards were Injected In duplicate. 
Standards were injected every 6 samples. 
10. Sample calculation of VFA concentration 
10. 1. VFA concentration In sample was calculated by an area ratio method 
as follows: 
Std. 1 area 
AC 18778 
PRO 9978 
BUTY 11880 
ISO 12374 
Sample # 24 area 
AC 13258 
PRO 10969 
BUTY 8117 
isQ um 
std. 2 area 
16590 
8757 
10276 
10830 
mg/100 ml 
125.6 
39.7 
38.3 
38.0 
1 Average ratio VFA/Internal STD 
1.5247 
.8075 
.9545 
1.0657 
.8817 
.6524 
^Stock solution was diluted 1:2.5 
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10. il. The concentration of acetic acid In sample was calculated by using 
the ratio of acetic acid In sample divided by the ratio of acetic acid In 
the standard, multiplied by the concentration of acetic acid in the 
standard (mg/100 ml), multiplied by a factor 10 to change the 
concentration to mg/11ter and divided by the molecular weight of acetic 
acid (60) to change the concentration into mmol per liter or umol per g 
wet sample. 
1.0657/1.5247 X 125.6 X 10/60 - 14.63 umol/g. 
10. ill. Actual concentration of acetic acid was calculated by 
multiplying the concentration (umol/g) by the sample dilution rate which 
was weight of sample plus internal standard plus distilled water divided 
by the weight of the wet sample. 
14.63 umol/g X 10.162/2.030 - 73.24 umol/g 
10. iv. Actual concentration of acetic acid in 1 g air dry matter was 
calculated by dividing the concentration (umol/g) in the previous step by 
the air dry matter of the sample. 
73.24 umol/g/.1750 - 424.23 umol/g air DM 
10. V. Concentration in dry matter basis was calculated by multiplying 
the concentration in the previous step by percentage DM of the sample. 
424.3 umol/g air DM X .9560 - 400.1 umol/g DM 
10- v1- Total fecal and large intestine acetate content (umol) was 
calculated by multiplying the concentration (umol/g DM) by the weight (g 
DM) of the feces or large intestine digesta. 
Large intestine digesta weight - 2500 g 
Air dry matter 17.50% 
Dry matter 95.60% 
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Dry matter content of the large Intestine digesta. 
2500 X .1750 X .9560 - 418.3 g, ON 
Total acetate umoles. 
400.1 umo1es/g DM X 418.3 g, DM - 167347 umol or 167.35 mmol acetate 
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APPENDIX B. PLASMA VFA ANALYSIS 
Preparation of stock standard solution 
1. Volatile fatty acids were diluted to approximately 75 ml of distilled 
water In a 100 ml beaker. The solution was adjusted to pH 9-10 with 10 N 
NaOH and diluted to volume In a 100 ml volumetric flask. The basic pH 
changed the free acids to sodium salts and also made the free acids less 
volatile. 
VFA ul/100 ml ma/100 ml Densltv Mwt BP 
Acetate (AC) 300 314.7 1.049 60 118 
Propionic (PRO) 100 99.3 .993 74 141 
Isobutyric (ISOBU) 100 95.0 .950 88 154 
Butyric (BUTY) 100 95.9 .959 88 164 
Isovaleric (ISOVAL) 100 93.1 .931 102 175 
Yalsric (YAL) iqq 93,9 .9?9 102 196 
The stock solution was diluted 1:10 with distilled water in 100 ml 
volumetric flask. At this dilution the acetate concentration was .3147 
mg/100 ml. For the three major VFA reported the following 8 standards 
were made. 
Standard ml/100 ml Concentration mg/100 ml 
lîïO solution AC ESQ BUn 
1 2.5 .7868 .2483 .2398 
2 5 1.5735 .4965 .4795 
3 10 3.147 .993 .959 
4 15 4.7205 1.4895 1.4385 
5 20 6.294 1.986 1.918 
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6 25 7.865 2.483 2.398 
7 30 9.441 2.979 2.877 
a 52 15.735 4.965 4.795 
Preparation of Internal standard 
Caprolc acid was used as the Internal standard. 100 ul of caprolc 
acid was dissolved In 75 ml distilled water In a 100 ml beaker and 
adjusted to pH 9-10 using 10 N NaOH and then transferred to a 100 ml 
volumetric flask and diluted to volume. The concentration of caprolc acid 
In the above solution was 92.65 mg/100 ml or 7.976 mM/L. 
The stock solution was diluted 1:4 to give a concentration of 23.1625 
mg/100 ml or 1.994 mM/L. This contained 11.5813 ug caprolc acid. 
Sample preparation for GC VFA analysis 
1. 1 ml each of standard or plasma sample was pipetted In a 50 ml pyrex 
tube. Keep samples on Ice. 
2. 50 ul of 1.994 mM caprolc acid was added as Internal standard and 
vortexed gently. 
3 500 ul of 2 N HCl was added to convert the sodium VFA salts to free 
acids. The pH paper was used to confirm the pH of 1-2. 
4. The mixture was vortexed vigorously. 
5. 20 ml refrigerated ethyl ether was added to extract the free volatile 
fatty acids. Use of refrigerated ethyl ether reduced fumes and also 
prevented loss of volatile fatty acids. 
6. The mixture was vortexed. 
7. The mixture was centrifuged for 10 minutes at 5 C. 
8. The aqueous layer at the bottom of the tube after centrifugation was 
pipetted using a Pasteur pipette and discarded. 
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9. Excess aqueous layer and the precipitate were quick frozen with liquid 
nitrogen. 
10. The ether layer was quickly transferred to a another 50 ml pyrex tube 
containing 500 ul of 5 N NaOH for the hepatic portal vein samples and 350 
ul for the carotid artery samples and number 1 standard. Vortex 
vigorously. This step was to convert the extracted VFA to sodium salts. 
11. The bottom layer containing the sodium salts was transferred to 4 ml 
vial using a Pasteur pipette. The pH was checked with a pH paper and 
should be between 8-9 and at least 7. 
12. Any ethyl ether layer In the 4 ml vial was evaporated under a stream 
of nitrogen gas. 
14. The sodium salts were concentrated by evaporating on a heating block 
(50-60 C) under a stream of nitrogen. 
15. To Inject Into GC column the sodium salts were redlssolved In 30% 
formic acid (91%). The pH of this solution was checked with pH paper and 
was about 3. 1 ul of this solution was injected In the GC column. 
Gas liquid chromatographic conditions: 
GC model Tracor 540 capable of Isothermal and programmed temperature 
analysis. 
Specification of the capillary column 
Nukol phase: Polar: Modified polyethylene glycol 
Column length 15 M, ID .25 mm, Film thickness .25 um 
Maximum temperature 200 C 
Oven Conditions; 
Temperature program 
Initial temperature 143 C 
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Hold 1 minute 
Increase temperature at a rate of 1 C per minute to 150 C 
Hold 1 minute 
Increase temperature at a rate of 20 C per minute to 195 C 
Hold 14.8 minutes 
Total program time 25 minutes 
All the VFA of Interest were eluted In 10 minutes 
The final hold was to clean the column of any remaining artifacts before 
the next sample Injection 
Flame Ionization detector temperature 250 C 
Injector temperature 250 C 
Carrier gas Helium 
Linear gas rate 20 cm/sec 
Make up gas 60 ml/min (Helium) 
Air rate 300 ml/min 
Hydrogen rate 30 ml/min 
Split ratio 100:1 
Vent 70 ml/min 
Sample VFA concentration 
VFA concentration in the sample was calculated using an area ratio 
method. For each of the standards the area for the specific VFA was 
divided by the area of the internal standard (caproic acid). A linear 
regression was calculated with concentration (mg/100 ml) of VFA in the 
standards and the ratio of area of specific VFA divided by the area of 
internal standard. The regression yielded an equation in the order of Y = 
a + bX, where; Y was the calculated ratio, a, was the Intercept, b was the 
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slope and X was the concentration of specific VFA. The Intercept was not 
forced through zero because the 91% formic acid was contaminated with 
acetic acid and there was an artifact close to the elutlon time of 
propionic acid. The non zero Intercepts were used to correct for these 
artifacts. To determine the concentration of specific VFA In the blood 
sample the ratio of the specific VFA was calculated and the concentration 
determined by solving for X In the regression equation. The VFA were 
expressed In umoles per liter by dividing the mg/100 ml by respective 
molecular weights and multiplying by factor of 10 to convert the 100 ml to 
1 liter. 
ResoverY test; 
200 ul of each standard was added to 1 ml plasma sample and extracted 
as previously described. One ml plasma sample was extracted alone for 
comparison. Recovery was calculated as concentration of specific VFA in 
the sample of plasma plus 200 ul of specific standard minus concentration 
of specific VFA In plasma sample with no standard added divided by actual 
concentration of specific VFA In 200 ul of each standard multiplied by 
100. In the hepatic portal vein, the recovery of each VFA in the first 
standard was negative and for propionic acid and butyric acid the recovery 
for the second standard was negative. The recovery of the VFA increased 
as VFA concentration Increased. The average recovery of the VFA using 
only standards 3 to 8 was 84, 63 and 109%, respectively for acetic, 
propionic and butyric acids, in the hepatic portal vein plasma. For the 
carotid artery plasma recovery of propionic acid In the first standard was 
over 200%. The average recovery of the VFA in the carotid artery ignoring 
the negative recovery was 79, 102, and 111%, respectively for acetic. 
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propionic and butyric acids. These values Imply that the standards for 
this analysis should have concentrations of VFA at least close or over 
that In standard 3. It also Implies that extraction of 1 ml plasma of the 
hepatic portal vein plasma was suitable, while 1 ml plasma from carotid 
artery was not suitable especially If the concentration of VFAs In the 
sample was as low as those In standard 1 and 2. At these concentrations 
the artifacts, especially from formic acid, may have contributed 
significantly to the VFA concentrations determined. This was Indicated by 
the coefficient of variation (CV) In the duplicate samples determined. 
For hepatic portal plasma samples the CV varied from 0-23, 0.5-29, and 
0.1-22%, respectively for acetic, propionic and butyric acids. For the 
carotid plasma samples the CV varied from 0.5-53, 0.5-140, 4-83%, 
respectively for acetic, propionic and butyric acids. The concentration 
of propionic and butyric acid In the carotid sample was low and subject to 
more variation due to artifacts especially In the 91% formic acid. 
Caution should be taken, however. In Interpreting these values because 
this procedure for VFAs Is on preliminary status and more work needs to be 
done. 
Problems: 
The pre-1nject1on solvent used In this procedure was formic add. 
Formic acid prevents ghosting of VFA as they elute from the column as 
shown by Gray and Olson (1985). However, formic acid Is easily 
contaminated by acetic acid and therefore a more pure form would be 
necessary for this analysis. 
The capillary column used in this analysis resulted In very clear 
separation of the VFAs. The column life was approximately 90 days and 
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therefore In the later analysis a guard precolumn was used to Improve the 
column life. 
Caproic acid was not the most suitable Internal standard for this 
analysis because the elutlon time was too far separated from the acetic, 
propionic and butyric acid. Also the boiling point is mych higher (205 C) 
than the above adds which may cause some discrimination during 
quantification. 
It Is clear from the CV that the volume of plasma, especially for the 
carotid artery plasma samples, should be more than 1 ml. For the recovery 
test a volume of more than the 200 ul would give more precise results. 
Apart from some details being worked out, this procedure effectively 
quantified VFA In plasma samples. 
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APPENDIX C. SOURCES OF DEGREES OF FREEDOM 
Pig performance and digestibility data 
Source df 
Treatment 2 
Treatment linear 1 
Replicate 1 
Treatment X Replicate 2 
Plasma urea N and fecal and large Intestine VFA 
Treatment 2 
Plg(treatment) 2 
Metabolite and VFA data for main effects of treatment, vessel and time 
diffrences. 
Treatment 2 
Pig(treatment) 2 
Vessel 1 
Time 11 
Treatment X time 22 
Vessel X treatment 2 
Vessel X time 11 
Vessel X treatment X time 22 
Remainder 46 
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Analysis of metabolites and VFA portal arterial differences and within 
vessel 
Source df 
Treatment 2 
Pig(treatment) 2 
Time 11 
Treatment X time 22 
Remainder 22 
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ABSTRACT 
Sixteen Chinese pigs (Meishan breed) from four litter outcome groups 
with initial weights ranging from 6 to 22 kg body weight (BW) were 
randomly allotted from litter outcome groups to four replicates of four 
pens each and then to four treatments. The pigs were used in a 28 d 
comparative slaughter experiment to determine the utilization of energy, 
protein and amino acids (AA) by the Chinese pigs and to determine the 
energy requirement for maintenance and growth. The corn-soybean meal 
basal diet was formulated to provide all the nutrients except energy at 
twice the NRC (1988) requirements for these pigs. The treatments were the 
basal diet fed at 3, 4 or 5% of BW. The fourth treatment was the initial 
slaughter group. Average daily gain (ADG) Increased linearly (P<.01) and 
F:G ratios decreased quadratically (P<.06), with the level of feeding. 
Increasing the level of feeding had no effect on apparent digestibility 
coefficients of DM, N or 6E. Although fecal, urinary and urinary urea N 
Increased linearly (P<.01), N retention increased linearly (P<.01) as feed 
Intake Increased. Level of feeding did not affect the DE, ME or ME:DE 
ratio of the basal diet. Metabollzable energy as percent of DE averaged 
92.7%. Dry matter and ether extract percentage of the empty body 
increased linearly (P<.01), but water percentage decreased linearly 
(P<.01) with the level of feeding. Crude protein and ash percentage of 
the empty body were not affected by the level of feeding (P>.05). 
Components of daily gain, including indispensable AA, Increased linearly 
(P<.01) with increased ME intake. Fat to protein ratio of the empty body 
gain increased linearly (P<.01) and quadratically (P<.06) with the level 
of feeding. Efficiency of indispensable AA utilization was not affected 
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by the level of feeding. The NE for maintenance required for the Chinese 
pig was 77.6 kca1 per d per kg'^^. The Chinese pigs utilized 64% of the 
ME for NE of maintenance and growth. These results suggest that the 
Chinese pigs have poor growth rates (368 g per day when fed at 5% BW), but 
have the ability to digest nutrients efficiently. However, the additional 
available energy Is partitioned more to fat than to protein deposition. 
KEY WORDS: Chinese pigs, NEm requirement, Energy, Protein, Amino acids 
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INTRODUCTION 
The Chinese pigs possess a number of special traits. These Include 
a high reproductive performance (Increased embryo survival rates and large 
litter sizes), resistance to diseases and ability to utilize roughage 
(McLaren, 1990). Data by French researchers as reviewed by (McLaren, 
1990) shows that the Chinese pigs have slower growth rates and deposit 
more fat than the conventional breeds of pigs. The expression of the 
desirable traits will be dependent on adequate nutritional status. The 
nutritional requirements of Chinese pigs are not well defined and may 
differ from those of conventional pigs. 
The purpose of this study was to determine the utilization of 
energy, protein and amino acids by Chinese pigs and to determine the 
nutrient requirements for maintenance and growth. 
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MATERIALS AND METHODS 
Sixteen Chinese pigs (Melshan breed) with Initial weights ranging 
from 6 to 22 kg body weight (BW) were randomly allotted from litter 
outcome groups to four replicates of four pens each. Treatments were 
randomly allotted to the pens within each replicate. The basal diet 
(Tables 1, 2 and 3) was formulated to contain all nutrients except energy, 
at two times the NRC (1988) nutrient requirements for pigs of this weight. 
The treatments were basal diet fed at 3, 4 or 5% BW and the 4th treatment 
was the Initial slaughter group. Pigs were fed the basal diet at 3% BW 
for a 7-d adjustment period. Dally feed was supplied In two equal 
portions at approximately 10-12 h Intervals. The diets were fed in form 
of slurry with a water to feed ratio of about 1:1. Pigs were given water 
1 hour after feeding. At the end of the adjustment period, the 4 pigs in 
the initial slaughter group were killed by electrocution. The 
gastrointestinal contents were removed, the viscera weighed and the empty 
bodies, including the viscera, were stored at -20 C. 
The remaining 12 pigs were placed in individual metabolism cages 
capable of separating feces and urine. Trays under the feeder were used 
to collect refused feed. Pigs were weighed and feed allowance adjusted 
weekly. Any refused feed was dried In the oven and ground for analysis. 
Total urine and fecal collections were made for four consecutive 7-d 
periods (28-d experimental period). Feces were collected daily and placed 
in 1 N HCl. Urine was collected in plastic bottles containing 50 ml 50% 
hydrochrolic acid and 25 ml toluene through a funnel equipped with a nylon 
cloth filter. Weekly fecal and urine samples were prepared for analysis 
by lyophlllzation (De Goey and Ewan, 1975a,b). At the end of the 
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experiment, pigs were killed by electrocution. Live, empty body and 
viscera weights were recorded. A muscle sample was taken from the 
longlsslmus muscle for chemical analysis. The empty bodies were frozen at 
-20 C and later ground and lyophlUzed for chemical analysis (De Goey and 
Ewan, 1975a). 
Feces, diets, refused feed, fill and carcasses were analyzed for DM, 
N and GE. Diets and carcasses were analyzed for ash and ether extract and 
amino acids. Urine was analyzed for N, GE and urinary urea N. Diets 
were analyzed for fiber components; neutral detergent fiber (NDF), acid 
detergent fiber (ADF), cellulose, hem1ce11u1ose and llgnin. Amino acids 
were analyzed after acid hydrolysis by HPLC using ion exchange 
chromatography. The acid hydrolysis completely destroys tryptophan, 
therefore data on this amino acid are not reported. Dry matter, N, ether 
extract and ash were determined according to (AGAC, 1980). Gross energy 
was determined by bomb calorimetry^. Neutral detergent fiber (NDF) was 
analyzed by the method of VanSoest and Wine (1967) and acid detergent 
fiber (ADF), cellulose and lignin were analyzed according to the methods 
of Goering and VanSoest, (1970), VanSoest and Wine (1968) and VanSoest 
(1963). Urine urea N was determined by the method of of Marsh et al. 
(1965). 
Statistical analysis 
Data were statistically analyzed as a randomized block design using 
the general linear model (GLM) procedure of SAS (1982). 
^Parr Instruments Co. 1970. Instructions for the 1241 and 1242 adiabatic 
calorimeters. Manual No. 124. Parr Instruments Co. Moline, IL. 
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Calculation of energy values 
The energy values for the diets were calculated as shown In appendix 
B. (paper 1) except the ME corrected for N retention (MEn). In this study 
total N retention for 28 d was multiplied by the average energy per gram 
of urinary N (7.83 kcal/g urinary N). Nitrogen corrected metabollzable 
energy was calculated by subtracting this value from the ME value when N 
retention was positive and vice versa when the N retention was negative. 
The net energy values of the diets were calculated as In appendix B (paper 
1 ) .  
The net energy requirement for maintenance of the Chinese pig was 
estimated from the regression of energy gain (Y) and ME Intake (X), both 
in kcal per d per kg'^®. The extrapolation of the regression to zero ME 
Intake provided an Intercept which was the estimate for the NEm. 
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RESULTS AND DISCUSSION 
Average dally gain Increased linearly (P<.01) as the pigs consumed 
more feed (Table 4). There was a tendency for a quadratic effect (P<.06) 
of the level of feed Intake on feed:ga1n ratios. At 5% feeding level, 
which was comparable to adllbltum feeding, the Chinese pigs gained less 
and had poorer feed conversion ratios than that predicted for this weight 
of conventional pigs (NRC, 1988). This trend In performance has been 
reported by French workers as reviewed by McLaren (1990). The level of 
feed Intake did not affect the apparent digestibility coefficients (ADC) 
for ON, N, or GE. Similar results regarding pig performance and nutrient 
digestibility were observed by De Goey and Ewan (1975a) as they Increased 
the level of Intake with conventional pigs. 
Intake of N Increased linearly (P<.01) and losses In fecal N, urinary ' 
N and urinary urea N Increased (P<.01). Endogenous fecal N Increases with 
feed Intake (Stragand and Hagemann, 1977). Increases In feed Intake 
Increased protein Intake, which In turn Increased urinary urea N loss. 
Urea synthesis Is determined by concentration of Its precursors In blood, 
which include amino acids (AA) and ammonia (Walser, 1983). As protein 
increased, AA supply also Increased providing substrates for urea 
synthesis. An Increase In protein Intake was shown to increase urinary 
urea N in pigs by Brown and Cline (1974). The main purpose of ureagenesis 
is to get rid of excess N from the body (Walser, 1983). Pigs in this 
study were fed a basal diet formulated to contain twice the NRC (1988) 
requirement for crude protein (Table 2). Excess AA over requirement were 
catabolized and therefore provided ammonia N for urea synthesis. Nitrogen 
retention Increased linearly (P<.01) with the level of intake. The level 
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of feeding had no effect (P>.05) on N utilization as a percentage of 
Intake or as a percentage of N digested, Indicating that the Improvement 
In retention was due to the Increase In N Intake since N digestibility was 
similar among treatments. 
The level of intake (Table 4) had no effect (P>.05) on DE or ME. 
These results agree with those of De Goey and Ewan (1975a) and Jimlnez 
(1972). Expressed as a percentage of DE, ME averaged 92.7% and did not 
change with the level of Intake. Diggs et al. (1965) reported similar 
ME:DE values for most cereal grains. 
Pigs fed for 28 d were older and therefore heavier (P<.01) than the 
Initial slaughter group pigs (Table 5). There were no differences (P>.05) 
In organ weights when expressed as absolute weights, but when expressed as 
percentages of live weight the relative organ weight percentages were 
higher (P<.01) for the Initial slaughter group than the pigs fed for 28 d. 
The relative proportion of Internal organs and the Intestinal tract are 
reduced with an Increase In live weight (Shields et al., 1983). Pigs fed 
for 28 d had a significantly higher percentage (P<.01) of carcass DM, 
ether extract and ash (P<.05), but a lower (P<.01) percentage of water 
than the Initial slaughter pigs (Table 5). As pigs grow older, the fat 
content increases, and the water content decreases. An inverse 
relationship exists between fat composition and water and protein 
composition of carcass (Shields et al., 1983). Percentage DM and ether 
extract increased linearly (P<.01), while percentage water decreased 
linearly (P<.01) and quadratically (P<.05) with the level of feeding. No 
differences among treatments were observed in percentage N or ash. 
Generally, N and ash composition of the carcass remain relatively constant 
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while water and fat percentages change constantly. The average percentage 
ether extract (20.6%) content of the carcass of the Chinese pigs was 
higher than for the conventional pigs reported In our laboratory (14.7%, 
Arentson, 1990) and In the studies of Shields et al. (1983) and Campbell 
and Traverner (1988) and the water content was lower (62.4% vs 65.5%, 
Arentson, 1990). Shields et al. (1983) reported values averaging 11.4% 
and 67.7%, for fat and water content, respectively as percent of empty 
body In pigs between 18 to 36 kg. Protein and ash content of the Chinese 
pigs expressed as percent of empty body were similar to those of the 
conventional pigs (Arentson, 1990; Shields et al., 1983; Campbell and 
Traverner, 1988). 
Increasing ME Intake Increased N, ether extract, energy (P<.01), and 
ash (P<.05) gain (Table 5). Carcass N gain was overestimated by the N 
balance study by a factor of 1.77 (Tables 4 and 5). Generally balance 
methods overestimate retention and the main source of error Is under 
estimation of nutrient losses In the excreta (Fuller and Cadenhead, 1967). 
Fat to protein ratio of the empty body gain Increased linearly (P<.01) and 
quadratlcally (P<.06) with the level of Intake. 
Pigs fed for 28 d had lower (P<.01) concentration (g/kg) of total 
Indispensable AA than the Initial slaughter group (Table 6). Of these 
arginlne (Arg), Isoleuclne (lie) leucine (Leu) and valine (Val) were 
higher (P<.01) and Phe was higher (P<.05) In the Initial slaughter group 
than pigs fed for 28 d. Total dispensable AA were similar between the two 
groups. The differences in AA concentration (g/kg) between the two groups 
may be due to the differences in lean content or visceral components of 
the empty body (Campbell and Traverner, 1988). Increasing the feeding 
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level decreased the AA acid concentration of the carcass (P<.01). 
Arglnlne, His (P<.05), lie, Lys, Met, Phe, Thr and Val decreased (P<.01). 
The results on carcass composition show that percentage protein content of 
the empty body was constant as Intake Increased, but fat content 
Increased. Therefore, the AA concentration decreased. There were no 
differences In the concentration of dispensable AA. 
Except for Arg and Lys, which were lower (P<.01) In the pigs fed for 
28 d than the Initial slaughter group (Table 7), the AA content of empty 
body protein were similar (P>.05) for the two groups. Feeding level did 
not affect the AA content of empty body protein. The distribution of the 
Indispensable AA in the empty body protein In this study was similar to 
that reported by Williams et al. (1954) and Campbell and Traverner (1988) 
for the pig. 
As feed and protein Intake increased dally AA gain increased linearly 
(P<.01), except for His and Met which increased (P<.05) (Table 8). 
Efficiency of AA utilization was not affected (P>.05) by the level of 
feeding (Table 9). There are no comparable data on efficiency of AA 
utilization. However, work in our laboratory (Arentson, 1990) with 
conventional pigs of the same weight range as pigs in this study show that 
the efficiency of indispensable AA utilization was higher in the 
conventional pigs than with the Chinese pigs. Efficiency of AA 
utilization may be affected by several factors, including the capacity of 
the pig to deposit protein (ARC, 1981). From the results of carcass 
composition, the Chinese pigs seem to deposit more fat than protein per 
100 g of empty body carcass compared to the conventional pigs within this 
range of weight (Shields et al., 1983; Arentson; 1990). The genetic 
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ability of the Chinese pig for lean tissue deposition may limit the 
efficiency of AA utilization for protein gain. The results on efficiency 
of AA utilization also indicate that although energy and protein Intake 
Increased the additional energy was not utilized efficiently for 
additional protein synthesis. 
Amino acid composition of protein gain (Table 11) was not affected by 
the level of intake (P>.05). The energy cost per unit gain of fat and 
protein with Increase In ME Intake was 15.6 and 12.7 kcal/g for treatment 
2 and 3, respectively. The cost of gain in treatment 2 was higher than 
the average cost of gain (12.6, kcal/g) reported by NRC (1988). The 
higher gain in fat in treatment 3 (5% BW) Improved the cost per unit of 
gain 
Energy gain was highly correlated to ME intake (r-.978) (Figure 1). 
The regression equation was Y-.64X - 77.6 for 12 observations. The NEm of 
the Chinese pig was 77.6 kcal per d per kgand the efficiency at which 
ME is utilized for growth was 64%. These values are slightly higher than 
the pooled values of 69.8 kcal per d per kgand 61%, respectively, from 
several experiments done with young pigs in our laboratory (Ewan, 
unpublished data). From this study and other available data, we conclude 
that the growth rate of the Chinese pigs was poorer than for conventional 
pigs. Although the apparent digestible coefficients were similar to those 
reported for conventional pigs, the Chinese pigs tended to use the 
absorbed nutrients towards fat more than protein gain. 
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IMPLICATIONS 
These data suggest that the Chinese pigs have poor growth rates (368 
g per d when fed at 5% BW) and tend to utilize absorbed nutrients more for 
fat than for protein deposition. Although the Chinese pigs were Imported 
to the USA mainly because of their prolificacy (McLaren, 1990) It would 
seem that their growth rates and the fat composition of the carcass may 
hinder the efforts In Improving production of acceptable lean pork. 
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Table 1. Composition of basal diet* 
Ingredient % 
Corn, yellow dent 15.40 
Soybean meal, 48.5% CP 71.00 
D1calcium phosphate 4.78 
Calcium carbonate .96 
DL methionine .30 
Salt Iodized .76 
L-lysine .20 
Vitamin premlx^ 1.00 
Mineral premlx^ .10 
Soybean oil 5.00 
Anti-microbial .50 
Total 100.00 
*The basal diet was fed dally at 3, 4 and 5% of 
body weight for treatment 1, 2 and 3, respectively. 
^Contributed the following per kilogram of basal 
diet: 1791 lU Vit A, 22 lU Vit E, 1 mg menadione, 3.4 
mg riboflavin, 11.0 mg niacin, 11.0 mg pantothenic 
acid, 3.0 mg vit Bg, 801 mg choline, .6 mg folic acid, 
21.3 meg vit 8^2 and 110 meg blotln. 
^Contributed the following per kilogram of basal 
diet: 200 mg Zn, 100 mg Fe, 11 mg Cu, 55 mg Mn and 1.5 
mg I. 
^Contributed the foilwing per kg basal diet: 110 
mg chlortetracycllne, 110 mg sulfathlazole and 55 mg 
penicillin. 
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Table 2. Chemical composition of the basal diet 
Item Value 
Dry matter, % 90.0 
Dry matter basis 
Ash, % 12.1 
Ether extract, % 7.0 
CP, % 40.3 
N, % 6.4 
Lysine, g/kg 24.5 
NDF, % 9.0 
ADF, % 5.7 
Cellulose, % 4.0 
Lignin, % .7 
Hemlcellulose, % 3.3 
6E, kcal/kg 4512 
ME, kca/kg 3719 
NE, kcal/kg 2267 
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Table 3. Amino acid composition of the basal diet* 
(g/kg air dry matter) 
Amino acid g/kg 
Arg 24.98 
His 10.36 
He 15.19 
Leu 27.40 
Lys 22.02 
Met 7.15 
Phe 17.70 
Thr 14.00 
Va1 16.66 
*The basal diet contained 90% dry matter. 
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Table 4. Effect of level of feeding on overall pig performance, 
nutrient digestibility and metabolism 
Level of feeding, % BW 
Item 3 4 5 SE 
Pig performance 
AD6, g* 191 307 368 26 
Feed:gain 2.80 2.24 2.49 .14 
Apparent digestibility coefficients 
DM, % 83.0 82.7 83.3 .95 
N, % 89.5 89.0 88.5 .70 
GE, % 89.2 88.8 88.4 .45 
N metabolism 
Intake, g/day* 30.9 40.2 52.9 3.4 
Fecal, g/day® 3.21 4.35 6.20 .61 
Urinary, g/day® 17.5 22.2 30.1 2.0 
Urine urea, g/day® 16.5 18.3 28.5 1.7 
Retention, g/day® 10.2 13.6 16.6 1.4 
Retention/intake, % 33.5 34.5 32.1 1.7 
Retention/digested, % 37.4 38.8 36.2 1.9 
*Linear effect of level of feeding (P<.01). 
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Table 4. Continued 
Item 3 4 5 SE 
Energy metabolism 
DE, kcal/g 3.62 3.61 3.59 .02 
ME, kcal/g 3.35 3.35 3.34 .02 
ME consumption, kcal/d* 1785 2333 3054 194 
ME:DE 92.4 92.9 92.9 .2 
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Table 5. Effect of level of feeding on carcass composition 
Level of feeding, % BW 
Item 3 4 5 IS* SE 
Live wt, kg** 21.5 23.9 26.3 15.4 1.6 
Empty Bwt, kg** 20.1 21.6 24.5 14.2 1.4 
Organ wt, g 1.6 1.9 2.5 2.1 .3 
Organ wt, ^ 
% Live wt° 
7.1 7.8 
Body composition 
9.1 13.8 .9 
DM, %b*C'd 36.3 36.8 39.7 35.0 .4 
Water, xf'C'd 63.7 63.2 60.3 65.0 .4 
Ether extract, 18.8 19.2 23.9 17.0 1.00 
Ash, 3.19 3.53 3.30 2.95 .15 
N, % 2.70 2.65 2.55 2.49 .07 
CP, % 16.9 16.6 16.0 15.6 .05 
Energy, kcal/g^'® 2.45 2.50 2.80 2.42 .05 
^Initial slaughter group. 
^Difference between Initial vs final (P<.01). 
^Linear effect of level of feeding (P<.01). 
^Quadratic effect of level of feeding (P<.05). 
^Initial vs final (P<.05). 
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Table 5. Continued 
Item 3 4 5 IS® SE 
Composition of dally gain 
N, g^ 5.94 7.68 8.96 - .69 
Ether extract, g^ 45.02 69.30 125.85 10.7 
Energy, kcal^ 486 752 1211 - 92.3 
Ash, g^ 7.13 11.52 13.23 - 1.56 
Energy, kcal/W'^Sc 52 78 121 - 4.47 
Fat:prote1nC*9 1.39 1.37 2.28 - .17 
^Linear effect of level of feeding (P<.05). 
^Quadratic effect of level of feeding (P<.06). 
178 
Table 6. Amino acid content of empty body of the Chinese pigs 
(g/kg air dry matter) 
Level of feeding, % BW 
Amino acid 3 4 5 IS* SE 
Argb'C 25.92 26.14 23.51 28.18 .61 
HIs^ 11.99 11.15 10.36 11.00 .46 
Ile^'C 13.03 12.17 11.33 12.92 .22 
Leu^ 28.39 27.10 25.34 28.49 .46 
Lys** 26.28 25.16 23.49 28.15 .90 
Met^ 7.65 7.26 6.62 7.06 .15 
Phe^'® 15.25 14.70 13.59 15.22 .24 
Thr^ 16.40 15.27 14.09 15.72 .27 
Val^'C 19.65 18.66 17.06 19.34 .27 
Ess AA^'d'f 180 172 158 180 2.7 
Noness^'S 
AA 
181 180 161 180 3.4 
^Initial slaughter group. 
^Linear effect of level of feeding (P<.05). 
^Initial vs final (P<.01). 
^Linear effect of level of feeding (P<.01). 
^Initial vs final (P<.05). 
f Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+Hls+Arg. 
®Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 7. Amino acid content of empty body protein of Chinese pigs 
(g/100 g protein) 
Amino acid 3 
Level of feeding, 
4 
% BW 
5 IS* SE 
Argb 5.93 6.17 6.12 6.68 .14 
His 2.75 2.64 2.72 2.62 .15 
He 2.99 2.88 2.97 3.07 .08 
Leu 6.51 6.41 6.62 6.75 .18 
Lys*^ 6.03 5.97 6.19 6.66 .14 
Met 1.75 1.71 1.72 1.67 .05 
Phe 3.49 3.47 3.54 3.61 .09 
Thr 3.76 3.62 3.68 3.74 .12 
Val 4.50 4.41 4.46 4.59 .12 
Ess AA*: 41.31 40.58 41.45 42.89 .98 
Nones s AA** 41.30 42.46 41.91 42.75 .89 
^Initial slaughter group. 
^Initial vs final(P<.01). 
^Ess AA • Thr+Val+Cys+Met+ne+Leu+Tyr+Phe+Lys+H1 s+Arg. 
^Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 8. Effect of level of feeding amino acid gain (g/day) 
Level of feeding, % BW 
Amino acid 3 4 5 SE 
Arg* 1.63 2.56 3.01 .29 
Hisb 1.15 1.26 1.63 .13 
lie* 1.10 1.26 1.62 .08 
Leu® 2.32 2.86 3.67 .23 
Lys® 1.69 2.35 3.16 .29 
Met^ .74 .86 1.02 .07 
Phe® 1.24 1.56 1.94 .13 
Thr® 1.47 1.65 2.03 .13 
Val® 1.65 1.99 2.42 .14 
Ess AA^ 15.37 18.93 23.78 1.46 
Noness AA** 14.31 20.07 22.86 1.81 
^Linear effect of level of wheat bran (P<.01). 
^Linear effect of level of feeding (P<.05). 
^Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+His+Arg. 
^Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 9. Amino acid utilization* (%) by the Chinese pig 
Level of feeding, % BW 
Amino acid 3 4 5 SE 
Arg 12.55 15.89 14, ,54 1.38 
His 21.26 18.76 18. 35 1.26 
He 13.53 12.55 12. 45 .93 
Leu 15.87 15.79 15. 76 1.18 
Lys 15.05 16.27 16. 60 1.97 
Net 19.58 18.23 16. 91 1.37 
Phe 13.32 13.53 13. 12 .91 
Thr 19.82 17.92 17. 28 1.13 
Val 18.83 18.22 17. 22 1.00 
Ess AA*) 15.65 15.39 14. 98 .95 
Noness AA^ 18.07 20.05 17. 90 1.09 
*Amino acid gain 
X 100. 
Amino acid Intake 
^Ess AA • Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+His+Arg. 
^Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Table 10. Amino acid composition of protein gain In the Chinese pig 
(g/100 g protein gain) 
Level of feeding, % BW 
Amino acid 3 4 5 SE 
Arg 4.42 5.49 5.39 .33 
His 3.39 2.78 2.98 
O
 
CM 
He 3.11 2.68 2.90 .23 
Leu 6.47 6.11 6.59 .27 
Lys 4.47 4.88 5.68 .57 
Met 2.12 1.84 1.86 .11 
Phe 3.53 3.38 3.50 .23 
Thr 4.23 3.58 3.68 .26 
Val 4.71 4.28 4.36 .29 
Ess AA* 43.26 40.49 42.85 1.43 
Nones s Aa'^ 40.64 43.32 41.11 1.83 
*Ess AA - Thr+Val+Cys+Met+Ile+Leu+Tyr+Phe+Lys+Hls+Arg. 
^"Noness AA - Tau+Asp+Ser+Glu+Gly+Ala+Bala. 
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Figure 1. Relationship of ME intake to energy gain 
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OVERALL SUMMARY AND DISCUSSION 
The net energy value of wheat bran Is lower than that of corn, rice, 
oat groats and wheat (De Goey and Ewan, 1975; Robles and Ewan, 1982; 
Galloway and Ewan, 1989; Wu and Ewan, 1979). The efficiency of ME 
utilization for NE of wheat bran Is lower than that of corn (35 vs 69%). 
These results confirmed previous reports In our laboratory that fibrous 
feedstuffs result In a decrease of efficiency of ME utilization (Stanley 
and Ewan, 1982; Bailey and Ewan, 1984; Robles and Ewan, 1982). 
The question arises on the mechanism by which fiber decreases 
efficiency of ME utilization. Addition of fiber In pig diets Increases 
the proportion of energy yielding nutrients that disappears In the hindgut 
(Just, 1982a,b; Just et al., 1983a,b) because of microbial fermentation. 
The end products of microbial fermentation are mainly VFA (acetate, 
propionate and butyrate). Results from two of our studies show that 
substantial amounts of VFA are produced In the large Intestine of the pig. 
The lower ME utilization of fibrous feedstuffs may be explained by energy 
losses as heat of fermentation, gaseous products of digestion or by the 
low efficiency of utilization of VFA as an energy source for maintenance 
and growth by the pig. This work and also previous work (Rerat et al., 
1987; Yen et al., 1990; Giusi-Perier et al., 1989) show that VFA are 
absorbed into the hepatic portal vein. The extent and efficiency at which 
VFA are utilized as an energy source for the growing pig has yet to be 
evaluated. In the future, the composition of fiber components In fibrous 
feedstuffs, their fermentabllity, the amount and pattern of VFA produced 
and the energetic efficiency of VFA utilization In the pig will have to be 
evaluated. To accomplish the latter, researchers may have to evaluate the 
187 
presence, concentration and activity of enzymes Involved In VFA 
utilization In tissues from pigs fed fibrous diets. 
Results with the Chinese pig suggest that they have slow growth rates 
and a tendency to utilize absorbed nutrients for fat deposition more than 
protein deposition. This may hinder efforts In Improving production of 
acceptable lean pork. More research Is yet to be done on nutritional 
requirements of the Chinese pigs and the possibilities in increasing lean 
tissue deposition. To accomplish the latter, researchers will have to 
identify limitations of protein deposition by the Chinese pig. 
Repartitioning agents such as B-adrenergic agonists may have to be used to 
reduce the excessive fat. 
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